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Comments 

In  the  next  few  months  you  will  see  slight  changes  in  the 
publication  as  we  "fine-tune"  our  new  format.  With  this  issue, 
you  will  find  a  complete  title  listing  after  the  Contents  page. 
Many  readers  have  indicated  the  importance  of  providing  such  a 
list. 

This  month,  I  will  be  attending  the  Fall  meeting  of  the  Federal 
Laboratory  Consortium  in  order  to  meet  with  many  of  the 
technology  transfer  contacts  associated  with  hundreds  of 
Federal  laboratories.  I  plan  to  encourage  more  laboratories  to 
participate  in  providing  input  to  Tech  Notes  in  order  to  broaden 
its  coverage. 

Edward  Lehmann 
Editor 


U.S.  DEPARTMENT  OF  COMMERCE 
Malcolm  Baldrige,  Secretary  of  Commerce 

National  Technical  Information  Service 
Joseph  F.  Caponlo,  Director 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
togeather  individual  one  to  two  page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight 
current  Federal  technology  determined  to  have 
commercial  or  practical  application.  Topics  cover 
new  processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the 
Department  of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy  ,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route   to   others   in   their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 ' " 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O  Box  8587,  BW I  Airport,  MD 
21240:  (301)  621-0100  Ext. 241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


-Page  number 


Tech  Notes  Title  List  for 
November  1 986 

Agriculture  &  Food 

1 1 48  A  Growth  Regulator,  Hydroprene 

1 1 49  Stereospecif ic  Synthesis  of  Carpet  Beetle  Pheromone 

1 1 50  Increasing  the  Durability  of  Food  Containers — Test 
results  indicate  how  to  increase  the  durability  of  Tray 
Packs  (or  equivalent) 

Computers 

1 1 51  Ada  Programming  Language  Standard 

1 1 52  Simulation  of  PCM  Data — A  program  for  a 
communications  andcontrol  computer  simulates  pulse- 
code-modulated  data 

1 1 53  Decluttering  Methods  for  Computer-Generated  Graphic 
Displays — Symbol  simplification  and  contrasting 
enhance  the  viewer's  ability  to  detect  a  particular 
symbol 

Software 

1 1 54  Software  Package  Obtains  System  Reliability 
Information  from  a  SystemFault  Tree 

1 1 55  Analyzing  Shuttle  Orbiter  Trajectories — Measurements 
are  combined  to  produce  best  estimates  of  flight  paths 

1 1 56  High-Level  Data-Abstraction  System — Communication 
with  the  database  processor  is  flexible  and  efficient 

1 1 57  An  Expert-System  Engine  With 
OperativeProbabilities — The  program  enables  proof-of- 
concept  tests  of  expert  systems  under  development 

1 1 58  Workspace  Program  for  Complex- 
NumberArithmetic — The  existing  APL  language  is 
empowered  to  manipulate  complex  numbers 

Testing  &  Instrumentation 

1 1 59  Wind-Tunnel-Model  Leak-Checking  System — A  voice- 
activated  system  allows  one  operator  to  do  the  work  of 
three 

Electrotechnology 

1 1 60  Fiber  Optic  Helmet  Mounted  Display 

1 1 61  Reducing  Digital  Retransmissions — An  improvement  of 
a  coding  technique  reduces  the  number  of  rejected 
messages 

1 1 62  Processing  Breakthroughs  Permit  Fabrication  of  First 
Radiation-Hardened  Two-Level  Metal  Microchip 

1 1 63  Selected  Papers  on  Standards  and  Measurement  of 
Electricity 

1 1 64  Broadband,  Solid  State.  High  Power  RFAmplif iers 
Improved 

1 1 65  Unbalanced-to-Balanced  Video  Interface — Equal  but 
opposite  video  waveforms  are  generated 

1 1 66  Linear  Phase  Modulator — The  circuit  suppresses  the 
AM  component  while  providing  a  matched  input 
impedance 

1 1 67  Self-Alining  Electrical  Connector — A  mating  pair  of 
insulators  forces  the  initial  alinement  of  a  plug  and 
socket 

1 1 68  ROM-Based  Plan-Position-lndicator  Sweep 
Driver — The  circuit  produces  a  PPI  display  on  a 
conventional  X-Y  oscilloscope 

1 1 69  Variable  Synthetic  Capacitance — Small  oscillator- 
frequency  changes  are  produced  by  digital  signals 


1 1 70  Passive  Element  Shapes  Antenna  Radiation 
Pattern — A  parasitic  waveguide  element  suppresses 
ground-reflected  multipath  radiation 

1171  Guidelines  for  SEU-Resistant  Integrated 

Circuits — Designs  are  examined  that  immunize  chips  to 
single-event  upsets 

1 172  Analog  Video  Image-Enhancing  Device — This 
inexpensive  system  also  yields  a  pseudo-three- 
dimensional  effect 

Testing  &  Instrumentation 

1 1 73  Temperature-Sensitive  Oscillator — An  ingestible 
thermometer  consists  of  an  oscillator  with  temperature- 
dependent  frequency 

1 1 74  High-Resolution  Thermal  X-Ray  Detector — Thermal 
pulses  from  single  photons  can  be  measured 

Other  Hems  of  Interest 

1 221    Filters  for  Submillimeter  Electromagnetic  Waves  — 

Stacked  square  wires  are  plated,  fused,  and  etched  to 

form  arrays  of  holes 
1257    Improvements  in  Low  Voltage  Trailing  Cable  Insulation 
Energy 

1 1 75  Characterization  of  In  Situ  Oil  Shale  Retorts  Prior  to 
Ignition 

1 1 76  Measured  Performance  of  Energy-Efficient  Commercial 
Buildings 

1 1 77  Surface  Coal  Gasification-Systems  Engineering 
Concepts 

1 178  Multikilowatt  Bipolar  Nickel/Hydrogen  Battery — High 
energy  densities  appear  feasible 

1 1 79  Sunlight  Simulator  for  Photovoltair  Testing — A 
flashlamp  array  and  a  filter  provide  spectral  irradiance 
resembling  that  ofsunlight 

1 1 80  Reliability  Research  for  Photovoltaic 
Modules— Problems  of  reliability  analysis  are 
described 

Software 

1181  Conceptual  Capital  Cost  Estimates  for  Nuclear  or  Coal- 
Fired  Power  Plants 

1 1 82  Software  Assesses  Risk  from  Potential  Accidents  at 
Nuclear  Power  Plants 

Testing  &  Instrumentation 

1183  ACPressurization:  Measuring  Leakage  Area  in 
Residential  Buildings 

Other  Items  of  Interest 

1241  Tests  of  Solar-Array  Encapsulants  — Materials  were 
tested  for  degradation  by  heat  and  light 

1242  Measuring  Seeback  Coefficients  with  Large  Thermal 
Gradients  — An  apparatus  takes  measurements  and 
analyzes  data  automatically 

Engineering 

1 1 84  Predicting  Gas-Turbine 
CombustionProcesses — Advanced  analytical  tools  for 
engine  design  are  under  development 

1185  Safety  Practices  and  Training  for  theExptosives 
Field — A  report  summarizes  explosives  safety 
practices  at  a  variety  of  installations 


November  1986  Tech  NotesTitle  list 


1 1 86  Fracture  Testing  with  Arc-BendSpeciments — Both  arc- 
support  and  chord-support  geometries  were  used  in 
toughness  measurement 

1 1 87  Microprocessor  Control  of  Recoil— Processor  chip 
would  ensure  uniform  response  to  recoil  forces  and  a 
constant  retarding  force 

1 1 88  Intrinsically  irreversible  Heat  Engine 

1 1 89  Seasonal  Storage  of  Moisture  in  Roof  Sheathing 

1 1 91  Elevator  Safety  System  Developed 

1 1 92  Parallel-End-Point  Drafting  Compass — A  parallelogram 
linkage  ensures  greater  accuracy  in  drafting  and 
scribing 

1 1 93  Evaluation  of  Mathematical  Turbulence 
Models— Simplified  models  for  internal  flow  are 
described,  and  their  predictions  are  compared  with 
experimental  results 

1 1 94  Correcting  for  Supports  in  Structural  Dynamic 
Testing — Testing  under  a  variety  of  support  conditions 
is  combined  with  computer  analysis  to  update 
mathematical  modelsto  match  test  data 

1 1 95  Pump  for  Saturated  Liquids — Boiling  liquids  would  be 
pumped  by  a  device  based  on  proven  components 

1 1 96  Ignition  System  for  Gaseous  Propellants — A  spark 
plug  in  a  fuel-injection  manifold  resists  corrosion  and 
allows  efficent  combustor  cooling 

1 1 97  Finite-Element  Fracture  Analysis  of  Pins  and 

Bolts — Stress  intensities  are  calculated  in  bending  and 
tension 

1 1 98  Theory  and  Test  of  Two-Phase  Turbines — New  turbines 
open  the  possibility  of  new  types  of  power  cycles 

1 1 99  Variable  Control  Port  for  Fluidic  Control  Device— The 
volume  and  velocity  of  the  control  flow  can  be 
independently  adjustable 

1 200  Variable-Force  Eddy-Current  Damper — Variable 
damping  is  achieved  without  the  problems  of 
containing  viscous  fluids 

1 201  Improved  Seal  for  NTF  Fan  Shaft — The  new  seal  is 
more  effective  and  lasts  longer 

Software 

1 1 90  Software  System  Solves  Nonlinear  Parabolic  Partial 
Differential  Equations  for  Flow  in  Various  Kinds 
ofPotential  Fiows 

1 202  Structural  Analysis  Program  Determines  Static  and 
Dynamic  Response  of  Linear  Systems 

1203  Computer  Program  Evaluates  Heat  Detectors 

1 204  Four-Cylinder  Stirling-Engine  Computer  Program — Both 
steady-state  and  transientsimulations  include  realistic 
effects 

1 205  Computing  Benefits  and  Costs  for  Propulsion 
Systems— A  weight-criteria  rating  approach  is  followed 

Environmental  Science  &  Technology 

1 206  In-Plant  Reuse  of  Pollution-Abated  Waters— Settling 
and  filtration  allow  recycling  of  washout  water 

1 207  Bioconversion  of  TAGN  Wastewater — This  nitrate  can 
be  completely  broken  down  by  micro-organisms 

1 208  Small  Diameter  Gravity  Sewers — An  Alternative  for 
Unsewered  Communities 

1 209  Toxic-Waste  Disposal  by  Drain-in-Furnace 
Technique — The  compact  furnace  could  be  moved 
from  site  to  site 


Testing  &  Instrumentation  ( 

1210  Turbine  Engine  Exhaust  Hydrocarbon  Analysis 
Other  Items  of  Interest 

1262    Dimerization  Constants  of  Cobalt/TSPC  Complex  — 
Accurate  data  have  been  obtained  for  this  catalyst 
potentially  useful  in  toxic  waste  treatment 

Manufacturing,  Machinery,  &  Tools 

121 1  Laser  Welding  Steel  and  Aluminum 
Containers—Optimum  welding  parameters  for 
manufacturing  are  developed 

1212  Automated  Inspection  Controller  is  Data  Driven 

1213  Surface  Texture  ANSI  Standard 

1214  Effects  of  Gear-Cutter  Geometry  on 
Performance — Bending  stress  is  reduced  by  improving 
tooth-fillet  design 

1215  Acoustic  Translation  of  an  Acoustically  Levitated 
Sample— A  sample  can  be  moved  quickly  from  hot  to 
cold  regions  in  the  levitation  chamber 

1216  Adjustable  Tooling  for  Bending  Brake — Deep  metal 
boxes  and  other  parts  are  easily  fabricated 

1217  Depositing  Diamondlike  Carbon  Films — Radio- 
frequency,  plasma,  and  ion-beam  techniques  are  used 

1218  Electrochemical  Process  Makes  Fine  Needles — The 
improved  process  is  less  tedious  than  manual  dipping 
and  can  be  left  unattended 

1219  Non-Back-Drivable,  Freewheeling  Coupling — Cables 
can  be  reeled  in  and  out  with  less  risk  of  tangling 

1 220  Eliminating  Thermal  Cracks  in  Flange/Duct 
Joints— -Heat  and  pressure  during  bonding  allow  joints 
to  accommodate  expansion 

1221  Filters  for  Submillimeter  Electromagnetic 

Waves — Stacked  square  wires  are  plated,  fused,  and 
etched  to  form  arrays  of  holes 

1 222  Receptacle  for  Optical-Fiber  Scraps — Small  pieces  of 
glass  are  trapped  by  moving  air 

1223  Repairing  Hard-to-Reach  Cracks  in  Heat-Exchanger 
Tubes — Inaccessible  leaks  are  repaired  from 
accessible  side  of  the  tube 

1224  Thermally-Activated  Metal-to-Glass 

Bonding — Hermetic  seals  are  formed  easily  by  useof  a 
metalb-organic  film 

1225  Weld  Repair  of  Thin  Aluminum  Sheet — A  shield  and 
heat  sink  protect  the  are  aadjacent  to  the  weld 

1226  Unitized  Nut  and  Washer  Assembly — A  proposed 
fastener  wouid  be  nonscratching  and  easy  to  install 

1 227  Adapting  Inspection  Data  for  Computer  Numerical 
Control — Machinining  time  for  repetitive  tasks  is 
reduced 

Testing  &  instrumentation 

1 228  Detecting  Flaws  During  Welding — Acoustic  emissions 
yield  rich  and  accurate  information  on  weld  quality 

1229  Locating  Cracks  Amid  Pitting  and  Corrosion — Use  of 
fluorscent  penetrants  reveals  cracks 

Other  Items  of  Interest 

1 1 62    Processing  Breakthroughs  Permit  Fabrication  of  First        /' 

Radiation-Hardened  Two-Level  Metal  Microchip 
1231    Powder  Metallurgy  Forged  Gears  —Gears  made  from 

steel  powder  are  cheaper  than  conventional,  machined 

gears 
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Manufacturing,  Machinery,  &  Tools(Cont.) 

1 232    Electroslag  Refining  (ESR)  of  Sulfide  Containing 
Steel  —  High  quality  steel  is  produced  and  critical 
elements  are  conserved 

Materials 

1230  Processing  of  Rapidly  Solidified  Aluminum  Powders 

1231  Powder  Metallurgy  Forged  Gears— Gears  made  from 
steel  powder  are  cheaper  than  conventional,  machined 
gears 

1232  Electroslag  Refining  (ESR)  of  Sulfide  Containing 
Steel — High  quality  steel  is  produced  and  critical 
elements  are  conserved 

1233  Coolants  for  High  Temperature  Diesel 

Engines — Conventional  ethylene  glycol  with  corrosion 
inhibitors  is  a  prime  candidate 

1 234  Strengthening  Ni/Cr/Mo  and  Mn/Mo/B 

Steels — Isothermal  rolling  and  some  increase  in 
carbon  content  strengthen  these  armor  steels 

1 235  Composite  Fillings  Improved  by  Glass  Inserts 

1 236  Thermal  Spray  Coatings  for  Controlling  Corrosion  in 
Marine  Environments 

1237  Tougher  Addition  Polyimides  Containing 
Siloxane — Laminates  show  increased  impact 
resistances  and  other  desirable  mechanical  properties 

1 238  Separation  in  Binary  Alloys — Studies  of  monotectic 
alloys  and  alloy  analogs  are  reviewed 

1239  Lightweight  Ceramic  Insulation — A  fiber  burnout 
process  yields  low  densities 

1240  Fast  Glazing  of  Alumina/Silica  Tiles — This  technique 
prevents  cracking  of  substrates  or  coatings 

1241  Tests  of  Solar-Array  Encapsulants — Materials  were 
tested  for  degradation  by  heat  and  light 

1 242  Measuring  Seeback  Coefficients  with  Large  Thermal 
Gradients — An  apparatus  takes  measurements  and 
analyzes  data  automatically 

Testing  &  Instrumentation 

1243  Particle  Contamination  Measurement  in  Hydraulic 
Fluid — Dilution  of  the  sample  with  a  fluid  of  known 
contamination  leads  to  accruate  results  using  a 
particle  counter 

1 244  Effects  of  Radiation  on  Coatings — Tests  help  to  insure 
reliability  in  a  hostile  environment 

1245  Method  for  Characterizing  PMR- 15  Resin — The  change 
in  composition  with  aging  makes  analysis  essential 

1 246  Mapping  the  Structure  of  Heterogeneous 
Materials — An  image  processing  microdensitometer 
Fourier  analyzer  yields  statistics  of  subcomponent 
distribution 

Other  Items  of  Interest 

121 7  Depositing  Diamondlike  Carbon  Films  — Radio- 
frequency,  plasma,  and  ion-beam  techniques  are  used 

1 220    Eliminating  Thermal  Cracks  in  Flange/Duct  Joints  — 
Heat  and  pressure  during  bonding  allow  joints  to 
accommodate  expansion 

1224  Thermally-Activated  Metal-to-Glass  Bonding  — 
Hermetic  seals  are  formed  easily  by  use  of  a  metallo- 
organic  film 

1225  Weld  Repair  of  Thin  Aluminum  Sheet — A  shield  and 
heat  sink  protect  the  area  adjacent  to  the  weld 


Medicine  &  Biology 

1247  Electron  Microscopy  Embedding,  Sectioning,  and 
Imaging  Techniques 

1248  Deactivating  Mycotoxins  With  Common 
Disinfectants — The  disinfectants  are  tested  at  various 
temperatures  and  concentrations 

1249  Computerized  System  for  Evaluation  of  Aquatic 
Habitats  Based  on  Environmental  Requirements  and 
Pollution  Tolerance  Associations  of  Resident 
Organisms 

1250  Gallstones  Dissolved  by  the  Drug,  Methyl  tert-Butyl 
Ether  (MTBE) 

1251  Baboons  Available  for  Biomedical  Research 

1252  Free,  Vascularized  Freeze  Dried  Bone  Allografts  for 
the  Reconstruction  of  Large,  Avulsive  Body  Defects 

1253  Microsurgery  Laser  Developed 
Testing  &  Instrumentation 

1254  DNA  Radiation  Damage  Measured  by  GC/MS  Methods 

1255  Two-Element  Transducer  for  Ultrasound — The 
separation  of  transmitting  and  receiving  units  improves 
the  probing  of  deep  tissue 

Other  Items  of  Interest 

1 1 73    Temperature-Sensitive  Oscillator  — An  ingestible 

thermometer  consists  of  an  oscillator  with  temperature- 
dependent  frequency 

1235    Composite  Fillings  Improved  by  Glass  Inserts 

Natural  Resources  Technology  &  Engineering 

1 256  Safe  Guarding  of  Blast-Affected  Areas 

1257  Improvements  in  Low  Voltage  Trailing  Cable  Insulation 
Software 

1258  Program  Solves  Transient  One  Dimensional  Two- 
Phased  or  Single  Phase  Non-Isothermal  Fluid  Flow 

Physical  Sciences 

1259  Measuring  Dislocation  Density  With  Positron 
Annihlation — Many  related  research  projects  are 
described 

1260  Fluorscence  Spectrum  of  NCO  in  a  CH4/N20/N2  Flame 

1 261  Thermal  Imaging  Model — This  computer  model  takes 
into  account  diverse  conditions  enabling  gray  levels  to 
be  related  to  surface  temperatures 

1262  Dimerization  Constants  of  Cobart/TSPC 
Complex — Accurate  data  have  been  obtained  for  this 
catalyst  potentially  useful  in  toxic  waste  treatment 

1 263  Table  of  Radioactive  Isotopes 

1264  Airborne  Beryllium  and  Arsenic  Standard  References 
Are  Avalable 

1265  Rapid  Electron  Beam  Accelerator  Invented 

1266  Feedback  Controlled  Regulation  of 
GasPressure — Internal  pressure  is  maintained  over 
awide  range  of  external  pressures  and  exhaust  rates 

1267  High  Flux  Atomic  Oxygen  Source — Beams  of  pure 
ground-state  oxygen  atoms  would  be  produced 

Physical  Sclences(Cont.) 

1 268  Etching  Silicon  Films  with  Xenon 

Difluoride — Mircoscopic  circuit  structures  are  prepared 
for  probing 

1 269  Electron  Diffraction  Analysis  of  Growth  of  GaAs— This 
technique  elucidates  the  mechanisms  of  GaAs  crystal 
growth 


Physical  Sclences(Cont.) 

Software 

1270  Program  Minimizes  a  Nonlinear  Function  Subject  to  Nonlinear 
Equality  and  inequality  Constraints 

Testing  &  Instrumentation 

1 271  Microwave  Technique  Brings  Safer,  Quicker  Chemical  Analysis 

1272  Partial  Transmission  Scintillation  Detector  for  Ions — Only  the 
outer  portion  of  the  ion  beam  is  sampled  to  prevent 
unnecessary  energy  losses 

1 273  Vacuum  Ultraviolet  Intensity  Calibration  Standard — A  portable 
light  source  enables  the  calibration  of  spectrometers 

1 274  Echelle/Grism  Spectrograph — More  even  spectral  dispersion 
over  the  detector  area  makes  all  wavelengths  more 
distinguishable 

Other  Items  of  interest 

1 1 49   Stereospecif ic  Synthesis  of  Carpet  Beetle  Pheromone 

1 1 84   Predicting  Gas-Turbine  Combustion  Processes  — Advanced 

analytical  tools  for  engine  design  are  under  development 
1210   Turbine  Engine  Exhaust  Hydrocarbon  Analysis 
Transportation 

1 275  Rigid/Compliant  Helicopter  Rotor 
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1 276  High  Speed  Propeller  for  Aircraft — Engines 
efficiency  will  be  increased 

Testing  &  Instrumentation 

1 277  Scale  Model  Aerodynamic  Tests  of  a  Scout 
Helicopter—The  aircraft  configuration  is 
shown  to  be  unstable 

1 278  Measuring  Transonic  Velocities  at  Helicopter 
Blades — Holographic  and  tomographic 
techniques  are  combined  in  an  accurate, 
practical  method 

1 279  Icing  Tests  on  the  UH-60A  Black  Hawk 
Helicopter — The  ESSS  equipped  aircraft  was 
safe  to  operate  in  moderate  icing  conditions 

Other  Items  of  Interest 

1 1 74    High-Resolution  Thermal  X-Ray  Detector  — 

Thermal  pulses  from  single  photons  can  be 

measured 

1214    Effects  of  Gear-Cutter  Geometry  on 

Performance  — Bending  stress  is  reduced  by 
improving  tooth-fillet  design 
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Alive  and  Well 


tandards 


e  want  to  be  sure  our  research  is 
helping  industry  solve  its  measure- 
ment problems,  and  one  of  the 
most  effective  ways  to  accomplish 
that  is  through  cooperative  pro- 
grams," says  Dr,  Ernest  Ambler, 
director  of  the  National  Bureau  of 
Standards  Each  year  more  than 
900  people  from  industry,  univer- 
sities, and  other  government  agen- 
cies work  side-by-side  with  NBS 
scientists  and  engineers  on  a  wide 
range  of  research  projects  including 
robotics,  computer  networks, 
clinical  chemistry,  and  ceramics. 

The  arrangements  are  mutually 
beneficial,  "Successful  relations 
between  government  and  the  pri- 
vate sector  don't  have  to  be  based 
on  grants  and  government 
giveaways,"  says  Dr  Donald 
Johnson,  director  of  the  NBS 
National  Measurement  Laboratory. 
"Our  experience  at  NBS  is  that 
these  programs  work  best  when 
both  sides  are  involved  in  a 
personal  way.  supplying  staff  and 
resources,  and  when  both  sides 
get  something  they  want  out  of  the 
relationship." 

The  visiting  researchers  get  an 
opportunity  to  work  with  the 
scientists  and  engineers  at  NBS, 
many  of  whom  are  renowned 
experts,  and  to  use  the  Bureau's 
premier  research  and  testing 
facilities.  They  then  can  take  the 
newly  developed  technology  back 
to  their  organizations  to  be  incor 
porated  into  new  ideas,  new 
processes,  and  new  products.  Says 
Ambler,  "They  come  to  NBS  to 
conduct  research,  but  they  also 
come  to  learn  how  they  can  put 
our  work  to  use."  NBS  gains  from 
these  cooperative  programs  by 
learning  firsthand  the  views  and 
needs  of  industry 

"To  ensure  our  domestic  strength 
and  to  compete  successfully  with 
other  nations,  we  must  exploit  our 
knowledge  and  technology.  That 


means  we  must  make  the  most  of 
our  research  resources— both  our 
equipment  and  our  people,"  adds 
Ambler  "Cooperation  in  research 
and  development  is  one  obvious 
answer.  We  at  NBS  have  made  co- 
operation with  industry  a  way  of 
doing  business  right  from  the  start, 
and  now,  to  help  meet  these  eco- 
nomic challenges,  we  are  working 
to  do  even  more." 

As  the  only  federal  laboratory 
with  the  explicit  goal  of  serving  U.S. 
industry  and  science,  NBS  uses  a 
wide  variety  of  mechanisms  to 
transfer  its  expertise  in  measure- 
ment technology  to  those  who 
need  it. 

Robots  and  Computers 

Private  companies,  universities,  and 
other  government  agencies  are 
working  with  NBS  to  develop  the 
Automated  Manufacturing  Research 
Facility  (AMRF).  The  AMRF,  a 
research  testbed  for  the  factory  of 
the  future  where  robots  and 
machine  tools  work  together  under 


'We  at  NBS  have  made 
cooperation  with  industry 
a  way  of  doing  business 
right  from  the  start,  and 
now,  to  help  meet  these 
economic  challenges,  we 
are  working  to  do  even 
more." 


computer  control,  is  being  built  at 
NBS  to  study  fundamental  ques- 
tions affecting  factory  automation. 
Questions  that  affect  the  modern- 
ization and  competitiveness  of 
American  industry 

Since  1982,  35  companies  have 
paid  more  than  50  of  their 
researchers  to  work  in  the  AMRF, 
and  about  $4.6  million  worth  of 
equipment  and  software  has  been 
loaned  or  donated  to  NBS  by 
industry  for  this  project.  The  Navy 
Manufacturing  Technology  Program 
is  a  major  partner  in  the  facility,  and 


the  Air  Force  Intelligent  Task  Auto- 
mation Project  and  other  govern- 
ment agencies  also  ha 
sponsored  specific  parts  of  the 
AMRF  effort.  In  addition,  a  number 
of  universities  have  contributed  to 
the  project  by  loaning  guest 
researchers. 

Together  these  researchers  are 
experimenting  with  methods  for 
getting  robots,  computers,  and 
machine  tools  from  different 
manufacturers  to  communicate  and 
work  together  in  an  integrated 
system.  Their  other  primary  goal  is 
to  find  a  means  for  controlling 
quality  in  a  fully  automated  factory 
environment. 

All  of  this  will  give  companies,  in 
particular  small  firms  with  less  than 
50  employees,  the  flexibility  to  buy 
equipment  from  different  manufac- 
turers at  different  times  with  the 
assurance  that  the  machines  they 
buy  can  be  made  to  work  together 
without  expensive,  custom-designed 
interfaces 

According  to  a  study  by  the 
Management  Collaborative  Group 
of  Chapel  Hill,  N.C.,  the  contri- 
bution of  the  AMRF  to  the  in- 
creased use  of  numerical-control 
(NC)  machine  tools  in  U.S.  indus- 
try will  produce  a  savings  to  the 
metalworkmg  industry  of  between 
$250  and  $760  million  per  year 
by  1990  The  study  also  predicts 
that  the  U  S.  Navy's  support  of 
the  AMRF  will  improve  defense 
readiness.  It  says  the  annual 
Department  of  Defense  procure- 
ment savings  generated  by  in- 
creased use  of  NC  machine  tools. 
resulting  from  the  AMRF  work,  will 
total  an  estimated  $154.8 
million — four  times  the  Navy's  total 
projected  investment— by  the  end 
of  1989 

American  companies  are 
already  adopting  the  ideas  and 
techniques  of  the  AMRF.  One 
company  has  adapted  NBS- 
developed  error-cor-. 
techniques  to  the  control  system 
of  its  machmino 


Whom  to  CaSI 


One  of  the  most  popular  ways  to 
make  NBS  research  and  facilities 
accessible  to  US   industry  is 
through  the  Industrial  Research 
Associate  Program.  Under  this 
program,  which  NBS  has  run  since 
the  1920's,  scientists  and  engineers 
from  industry,  trade  associations, 
technical  societies,  and  other 
organizations  work  side-by-side  with 
NBS  researchers.  With  their  salaries 
paid  by  their  employers,  the 
associates  work  at  NBS,  usually  for 
1  to  3  years  on  a  wide  range  of 
research  including  robotics, 
computer  networks,  dental  mate- 
rials, and  ceramics.  For  further 
information  contact  the  Office  of 
Research  and  Technology  Appli- 
cations—301/921-2226. 


Proprietary  Facilities 
While  most  NBS  facilities  are  avail- 
able for  cooperative  research,  in 
1985  the  Bureau  opened  up  some 
of  its  unique  facilities  for  proprietary 
research,  NBS  makes  these  facil- 
ities available  under  certain  con- 
ditions to  support  U.S.  industry  in 
its  development  of  new  competitive 
products  and  processes. 

One  facility  which  is  available  for 
proprietary  research  is  the  NBS 
research  reactor.  It  is  used  to 
conduct  research  in  a  variety  of 
areas  such  as  materials  science, 
element  analysis,  and  nondestruc- 
tive evaluation  Twenty-five  experi- 
mental stations  are  available  at  the 
reactor 

In  addition  to  the  reactor,  NBS 
has  made  available  a  large  environ- 
mental chamber  and  an  electron 
linear  accelerator  (LINAC).  The 
environmental  chamber  is  capable 
of  accommodating  ob|ects  up  to 
the  size  of  a  two-story  house  under 
simulated  environmental  conditions, 
and  the  LINAC  provides  the 
capability  for  conducting  precision 
research  with  high-energy  beams  of 


electrons,  photons,  and  neutrons 
and  for  developing  measurement 
standards  for  these  types  of 
radiation.  The  LINAC  presents 
special  opportunities  for  small 
businesses  that  lack  ready  access 
to  radiation  processing  facilities.  For 
further  information,  contact  the  NBS 
Program  Office— 301/921-3137. 

Other  Arrangements 

For  information  on  arranging  a 
cooperative  program  in  a  particular 
research  area  at  NBS,  contact  the 
individual  institute  or  laboratory: 

D  Institute  for  Materials  Science 
and  Engineering,  301/921-2891: 
Provides  measurements,  data, 
standards,  reference  materials,  and 
other  technical  information 
regarding  materials  to  industry, 
government  agencies,  universities, 
and  other  scientific  organizations. 

□  National  Measurement 
Laboratory,  301/921-2828:  Provides 
the  national  system  of  physical  and 
chemical  measurements: 
coordinates  the  system  with 
measurement  systems  of  other 
nations,  and  furnishes  essential 
services  leading  to  accurate  and 
uniform  physical  and  chemical 
measurements  throughout  the 
nation. 

G  Institute  for  Computer 
Sciences  and  Technology,  301/921- 
3151.  Provides  the  standards, 
specifications,  measurement  and 
test  methods,  and  technical 
guidance  needed  by  government 
and  industry  to  make  better  use  of 
computer  hardware,  software, 
networks,  and  security 

□  National  Engineering 
Laboratory,  301/921-3434 
Conducts  research  in  engineering 
and  applied  science.  Studies 
problems  in  electronics,  manufac- 
turing automation,  chemical  engi- 
neering, the  behavior  (and 
prevention)  of  fires,  and  the  design 
and  construction  of  buildings. 
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Another  has  developed  a  version  of 
"Drill-Up"— a  device  built  by  NBS 
engineers  to  help  sense  when  a 
drill  bit  is  about  to  break.  And  the 
U  S.  Navy  is  now  undertaking  a 
model  project  to  transfer  the 
technology  into  a  Navy  shipyard. 

In  another  program,  NBS  is  parti- 
cipating in  the  international  effort  to 
establish  computer  networking  stan- 
dards to  improve  communication 
among  different  computers.  Since 
1979,  NBS  has  been  doing  the 
technical  spade  work— developing 
the  data,  testing  the  theories, 
making  sure  proposed  standards 
will  work— to  aid  in  the  voluntary 
standards  development  process.  In 
this  effort,  NBS  computer  experts 
have  worked  closely  with  industry 
and  standards  groups  Over  the 
past  several  years,  visiting 
researchers  from  about  25  com- 
panies such  as  Intel,  General 
Motors,  and  Honeywell  have  aided 
in  the  development  of  networking 
standards  as  well  as  test  methods 
needed  by  industry  to  determine 
whether  the  standards  have  been 
used  correctly,  thus  enabling 
different  manufacturers'  equipment 
to  work  together. 

NBS  also  has  been  instrumental 
in  getting  these  standards  and  test 
methods  out  of  the  laboratory  and 
into  use  through  workshops  to 
transfer  the  technology  to  the 
vendors  and  users.  More  than  1 75 
companies  and  organizations  have 
participated  in  these  workshops. 
The  technology  has  been  used 
successfully  at  two  major  showings: 
the  1984  National  Computer  Con- 
ference and  the  1985  Autofact 
exhibit.  Industry  also  has  adopted 
the  technology  as  standards  for  the 
plant  floor  and  engineering  and 
office  environments.  Both  the 
Manufacturing  Automation  Protocol 
(MAP)  and  the  Technical  and  Office 
Protocol  (TOP)  were  demonstrated 
at  the  Autofact  exhibit. 

Says  Mike  Kammsky,  manager  of 
the  MAP  program  at  General 
Motors,  "It's  my  firm  belief  that 
without  NBS  involvement  in  devel- 
oping and  testing  these  standards 
and  getting  them  accepted  by 
vendors  and  users  we  would  not 
be  at  the  point  we  are  today  NBS 
has  been  the  catalyst  that  has 
brought  all  this  together...." 

"It  is  really  a  two-way  street." 
adds  Dr.  John  Heafner.  chief  of  the 
Systems  and  Network  Architecture 
Division  at  NBS.  "The  companies 
have  a  vested  interest  in  making  it 
easier  for  computer  systems  and 
equipment  to  communicate— it's 
vital  to  the  industry  And  we  can't 


afford  to  work  on  these  kinds  of 
projects  without  knowing  what 
industry  is  doing  and  how  we  can 
best  serve  them.  We  need  indus- 
try's involvement,  and  key 
companies  are  making  the  kinds  of 
contributions  that  will  mean  our 
work  will  pay  quick  dividends  " 

Improving  Steel  and 
Clinical  Measurements 

For  years  NBS  and  the  metals 
industry  have  collaborated  to 
improve  the  durability  and  per- 
formance of  metals  and  alloys  As 
early  as  1903.  NBS  was  working  to 
determine  the  melting  points  of 
pure  metals  as  a  part  of  the 
Bureau's  mission  to  perform  basic 
measurements 

Today,  the  American  Iron  and 
Steel  Institute  (AISI),  the  American 
Society  for  Metals,  the  National 
Association  of  Corrosion  Engineers, 
and  others  are  sponsoring  re- 
searchers to  work  with  NBS  scien- 
tists and  engineers  on  generic 
technology  and  reliable  data  to 
upgrade  the  quality  of  metals  and 
improve  productivity  for  the  metals 
industry 

For  instance,  AISI  is  currently 
sponsoring  five  researchers  from 
United  States  Steel   LTV  Steel  and 
Bethlehem  Steel  Corporation  in  a 
project  to  develop  a  new  sensor 
that  promises  to  save  steel  mills 
millions  of  dollars  The  sensor 
technique  should  enable  steel 
producers  to  detect  quickly  Haws  in 
hot  metal  and  more  accurately  crop 
unsound  material  before  it  is  run 
through  the  complete  production 
cycle.  The  sensor  has  been  tested 
successfully  at  the  Argonne 
National  Laboratory,  a  Department 
of  Energy  facility,  and  in  the  near 
future  will  undergo  final  tests  in  a 
steel  mill 

Dr.  Lyle  H.  Schwartz,  director  of 
the  NBS  Institute  for  Materials 
Science  and  Engineering,  says, 
"This  cooperative  program  between 
industry  and  two  national  labora- 
tories gave  the  private  sector  an 
opportunity  to  participate  at  the 
very  beginning  of  the  research 
process  This  will  help  to  ensure 
acceptance  of  the  research  results 
and  assist  in  the  successful 
transfer  of  the  technology  to 
users.  Technology  transfer  is  the 
vital  link  in  the  research  process." 

In  some  cases,  NBS  works  with 
a  group,  or  consortium,  of  com- 
panies to  solve  a  particular 
problem  For  example,  NBS  and 
several  companies  have  joined  in 
an  effort  to  better  clinical  measure- 


ments The  focus  of  this  joint 
agreement  is  the  measurement  of 
two  elements— sodium  and  potas- 
sium—important m  clinical  tests 
because  of  their  roles  in  high 
blood  pressure,  heart  disease, 
and  general  health.  The  National 
Committee  for  Clinical  Laboratory 
Standards,  on  behalf  of  the  cor- 
porations, has  sent  a  researcher 
to  NBS  as  part  of  the  agreement. 
Major  questions  about  measuring 
these  elements  are  being  exam- 
ined The  industrial  consortium, 
which  includes  instrument 
manufacturers  and  others  involved 
with  clinical  measurements,  is 
contributing  funds  for  the  project. 

Biotechnology  and 
Astrophysics 

In  a  first-of-its-kmd  agreement  for 
NBS.  the  Bureau,  the  University  of 
Maryland,  and  Montgomery 
County,  Maryland,  are  establishing 
a  Center  for  Advanced  Research  in 
Biotechnology  (CARB)  to  provide  a 
forum  for  collaborative  research 
among  academic,  government,  and 
industrial  scientists  "We  will  focus 
on  establishing  the  world's  finest 
facility  for  determining  and  analyz- 
ing the  structure  of  macromole- 
cules,"  says  Dr.  Kevin  Ulmer, 
director  of  the  center.  "The  ultimate 
goals  of  CARB's  research  are  to 
radically  reduce  the  time  and  effort 
required  to  determine  the  atomic 
structure  of  proteins  and  to 
effectively  model  and  predict  their 
properties." 

CARB  researchers  will  draw 
upon  the  expertise  at  NBS  in 
physical  and  chemical  mea- 
surement technology  and  will  have 
access  to  unique  research  facilities 
including  the  Bureau's  research 
reactor  and  supercomputer.  The 
center  will  house  scientists  from  the 
University  of  Maryland  and  NBS  as 
well  as  a  large  population  of  visiting 
scholars,  industrial  fellows,  and 
graduate  and  postdoctoral  students 
Eventually  about  130  scientists  are 
expected  to  be  working  at  the 
center. 

Hiring  of  senior  research 
scientists  for  CARB  is  unae'  wa> 
and  construction  of  the  Duildmg, 
being  financed  by  Montgomery 
County,  is  scheduled  to  begin  this 
fall. 

Although  the  biotechnology 
center  agreement  is  unique.  NBS 
has  a  long  history  of  cooperative 
research  with  universities.  Witness 
the  24-year-old  enteiprise  known  as 
the  Joint  Institute  for  Laboratory 


Astrophysics— or  JILA — formed  * 
between  NBS  and  the  University  of 
Colorado  (See  article  on  page  9.) 
JILA  was  originally  created  to  help 
provide  sound  laboratory  tech- 
niques and  measurements  needed 
by  space  scientists  to  understand 
the  behavior  of  atoms  or  molecules 
in  different  atmospheres.  The  work 
of  JILA  scientists  has  been  used  in 
a  diversity  of  practical  applications 
from  the  design  of  new,  more 
powerful  lasers  to  the  building  of 
high-voltage  electrical  generators 
and  more  efficient  street  lights. 

A  permanent  Ph.D.  staff  of  22 
"fellows"  manages  the  day-to-day 
operation  of  JILA— 8  are  full-time 
university  faculty  and  14  are  NBS 
scientists  But  through  a  rather 
complicated  system  that  brings 
together  renowned  scholars  from 
around  the  world,  graduate  and 
postdoctoral  students,  and  visiting 
scientists  NBS  gets  the  benefits  of 
the  work  of  160  people.  The  univer- 
sity gains  a  large  community  of 
international  scholars  and  a 
substantial  adjoint  faculty  which 
trains  graduate  students,  teaches 
courses,  and  serves  on  committees. 

Sharing  Facilities 

Most  of  the  Bureau's  research  and 
testing  facilities  are  available  for 
cooperative  research  by  the  scien- 
tific and  engineering  communities, 
and,  m  certain  cases,  companies 
can  use  NBS  facilities  for  pro- 
prietary research.  "We  have 
decided  to  make  selected  NBS 
facilities  available  to  U.S.  research- 
ers for  proprietary  work  on  a  cost- 
recovery  basis,  when  equal  or 
superior  facilities  are  not  otherwise 
available,"  says  Ambler  "We  hope 
this  policy  will  increase  the  transfer 
of  technology  to  industry  and 
encourage  commercially  important 
research  that  might  otherwise  not 
be  done." 

Three  hundred  people  from  60 
institutions,  including  other 
government  agencies,  universities, 
and  industry,  conduct  research 
annually  at  the  NBS  20-megawatt 
research  reactor,  which  is  available 
for  both  cooperative  and  proprie- 
tary research.  The  Food  and  Drug 
Administration,  for  example,  uses 
the  NBS  reactor  to  measure  small 
quantities  of  toxic  materials  m  food, 
drugs,  laundry  aids,  and  cosmetics. 
The  Smithsonian  Institution  has 
used  it  to  examine  works  of  art,  El 
du  Pont  de  Nemours  and  Company 
to  measure  trace  elements  in 
Teflon,  and  General  Electric 
Company  to  study  tiny  flaws  in  jet 


engine  turbine  blades. 

NBS  is  now  installing  a  cold- 
neutron  source  at  the  reactor  that 
will  improve  greatly  its  effectiveness 
and  versatility.  With  the  cold- 
neutron  source,  researchers  will 
be  able  expand  studies  in  mate- 
rials research  to  include  investi- 
gations of  magnetic  properties  of 
new  advanced  alloys,  measure- 
ments of  crack  growth  or  the 
nature  of  voids  in  new,  experi- 
mental ceramics,  and  the  distri- 
bution of  "doping"  elements  in 


CARB  researchers  will 
draw  upon  the  expertise 
at  NBS  in  physical  and 
chemical  measurement 
technology  and  will  have 
access  to  unique  research 
facilities. 


semiconductor  materials  in 
concentrations  below  1  part  in  a 
million. 

A  unique  agreement  between 
NBS  and  Exxon  Research  and 
Engineering  Company  calls  for 
the  development  of  a  new  small- 
angle  neutron  scattering  (SANS) 
instrument  at  this  cold-neutron 
source  SANS  is  a  method  of 
using  relatively  low-energy 
neutrons  as  probes  to  measure 
the  structure  of  materials  in  very 
great  detail.  The  new  instrument 
will  offer  a  more  extensive  range 
of  capabilities  than  the  existing 
SANS  at  NBS.  Exxon  and  NBS 
each  will  have  the  right  to  one-third' 
of  the  available  time  on  the  instru- 
ment and  the  remaining  one-third 
will  be  available  for  use  by  third 
parlies. 

NBS  has  just  developed  a  brand 
new  facility  for  studying  advanced 
magnetic  materials  and  would  like 
to  set  up  joint  research  programs 
on  projects  of  mutual  interest  on  a 
cost-sharing  basis.  The  SEMPA 
facility  (Scanning  Electron 
Microscopy  with  Polarization 
Analysis)  allows  researchers  to 
observe  simultaneously  the  mag- 
netic character  of  a  surface  and  its 
physical  structure  over  dimensions 
as  small  as  100  angstroms  (10 
nanometers).  This  new  research 
tool  is  expected  to  have  important 
applications  in  a  number  of  fields, 
including  the  development  of  high- 
density  magnetic  <ecording  media 
and  small,  high-efficiency  electric 
motors. 

These  are  just  a  sampling  of  the 
many  c<  (operative  researc  h  pro- 


grams that  NBS  has  with  industry, 
academia,  and  other  government 
agencies.  NBS  also  provides  other 
opportunities. to  transfer  the 
Bureau's  expertise  in  measurement 
technology  to  those  who  need  it. 
Literally  hundreds  of  conferences, 
workshops,  and  seminars  are  held 
each  year  by  NBS   Bureau 
researchers  publish  their  work  as 
broadly  as  possible  and  work 
actively  with  professional  and 
technical  societies  and  standards 
organizations.  Using  videotapes  to 
explain  NBS  research  enables 
others  who  cannot  visit  NBS  or 
attend  conferences  to  take  advan- 
tage of  NBS  research.  In  addition, 
many  of  NBS'  databases  and 
experts  are  being  made  available 
through  computer  technology,  so 
that  others  will  be  able  to  tap  into 
even  more  information. 

While  NBS  Director  Ambler  is 
proud  of  the  Bureau's  record  of 
cooperation,  he  would  like  to 
pursue  more  avenues  for  joint 
research  and  services.  "By 
increasing  industry's  access  to  our 
advanced  measurement  capabili- 
ties, we  hope  to  help  industry 
improve  its  products  and  processes 
and  thus  its  international 
competitiveness." 
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1 1 48  A  Growth  Regulator,  Hydroprene 

1 1 49  Stereospecific  Synthesis  of  Carpet  Beetle  Pheromone 

1 1 50  Increasing  the  Durability  of  Food  Containers — Test  results  indicate  how  to 
increase  the  durability  of  Tray  Packs  (or  equivalent) 
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United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Cockroach  Control  Using  the  Insect  Growth 
Regulator,  Hydroprene 


The  German  cockroach,   the  most  common  household  nuisance  insect, 
is  very  difficult  to  control  because  of  its  ability  to  develop  resistance 
to  most  pesticides  and  its  uncanny  ability  to  survive  and  reproduce. 
An  insect  growth  regulator  (IGR)  called  hydroprene  causes  the  adult 
cockroach  to  be  sterile  if  it  comes  in  contact  with  the  chemical  when 
it  is  in  nymphal  stage.     Hydroprene  is  a  very  safe  chemical  and  very 
species  specific  plus  has  a  long  residual  life  in  the  home.     One  treat- 
ment will  be  effective  for  6  months  to  a  year.     Since  German  cock- 
roaches can  live  six  months  or  more,   conventional  pesticides  should 
be  used  with  IGR   initially  and  at  regular  intervals  to  reduce  the  old 
cockroach  population.     In  several  hundred  apartments  where  cock- 
roach control  has  never  been  achieved  regardless  of  the  control  stra- 
tegy, the  hydroprene  treatment  almost  eliminated  the  German  cock- 
roaches from  these  buildings. 


FOR  ADDITIONAL  INFORMATION:     Contact:     Dr.  R.S.  Patterson, 
USDA-ARS,  SAA,  P.O.  Box  14565,  Gainesville,  FL     32604;  (904) 
374-5910. 
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Stereospecif ic  Synthesis  of  Carpet  Beetle 
Pheromone 

Carpet  beetles  are  destructive  pests  of  stored  food  products.     They 
have  a  system  of  communication  between  members  of  the  same  species 
based  upon  emission  of  a  substance  or  group  of  substances  to  attract 
other  members  of  the  species.     This  substance  is  attractive  to  the  beetles 
in  minute  amounts  and  represents  a  potent  lure.     In  the  case  of  the  carpet 
beetle,  this  lure  substance  is  an  organic  fatty  acid.     This  acid  has  pre- 
viously been  prepared  by  a  complex  synthesis  method.     A  study  devised 
a  simpler  method  for  preparing  it.     Thus,  the  acid  is  more  available  as 
a  lure.     Such  lures  can  be  used  in  traps  placed  in  food  warehouses  to 
determine  if  the  beetles  are  present,  and  to  estimate  the  number  of 
them. 

A  simple  stereospecific  synthesis  of  (Z,Z)-3,5-tetradecadienoic  acid 
is  described  based  upon  coupling  of  1-decyne  and  3-butyne-l-01   to  give 
3,5-tetradecadiyn-l-01   and  oxidation  of  the  dienol  gave  the  desired 
acid.     Attagenus  bruni  were  strongly  attracted  to  the  pure  acid. 


FOR  ADDITIONAL  INFORMATION:    Contact:    Dr.  William  J. 
De  Jarlais,  USDA-ARS,  NRRC,   1815  N.  University  St.,  Peoria, 
IL    61604;  (309)  685-4011. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  1L162724AH99BC033 


Filing  Code:  710029 


Increasing  the  Durability  of  Food  Containers 

Test  results  indicate  how  to  increase  the 
durability  of  Tray  Packs  (or  equivalent). 


♦ 


A  study  performed  for  the  U.S.  Army  Natick 
R&D  Center  has  determined  the  causes  of  da- 
mage to  Tray  Pack  (or  equivalent)  food  containers 
during  rough  handling.  Buckling  and  paneling  of  the 
Tray  Pack  (see  figure)  result  from  the  vacuum  in  the 
container  together  with  the  hydrodynamic  forces 
generated  by  acceleration  of  the  fluid  (food)  in  the 
container;  this  acceleration  is  caused  by  dropping 
or  impact.  Tray  Pack  denting,  which  occurs  during 
the  process  of  filling  and  handling  at  the  food 
packer,  appears  to  be  caused  by  the  impact  be- 
tween the  Tray  Pack  and  a  relatively  pointed  ob- 
ject. 

Test  results  indicate  that  Tray  Pack  durability 
can  be  significantly  improved  through  the  following 
procedures: 

•  Making  the  Tray  Packs  of  90-pound  (41 -kg)  weight 
material; 

•  Filling  the  Tray  Packs  to  maximum  full  capacity; 

•  Limiting  the  inside  measurement  of  Tray  Pack 
shipping-container  cartons  to  8  5/8  in.  (22  cm)  in 
height,  and  ensuring  that  shipping-container 
liners  have  line-to-line  contact  with  the  shipping 
container  top  and  bottom;  and 

•  Stacking  unit  loads  no  more  than  two  high. 

The  test  results  indicate  that  the  heavyweight  re- 
inforced Tray  Pack  (or  equivalent)  will  survive  the 
rough-handling  transportation  environment  without 
damage.  At  the  same  time,  none  of  the  shipping 
container  concepts  tested  can  withstand 
warehouse  stacking  four  unit  loads  high. 


Undamaged 

Tray  Pack 

(Section  View) 


Tray  Pack  at  Impact 


Paneled 


Tray  Pack  Bottom  After  Impact 


Tray  Pack  (or  Equivalent)  Food  Containers  are 

subject  to  paneling  and  buckling  damage. 

FOR  ADDITIONAL  INFORMATION 

H>u  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(sl 

Tray  Pack  Improved  Durability  Packaging  rough  Handling  Test  Results 

Order  number  ADA160816/NAA 

Price  code  AW 
Order  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Spnngtield.  VA  22161 


♦ 


This  document  was  prepared  under  the  sponsorship  ol  the  US  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behall  ot  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ot  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights 
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♦ 


NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Ada  Programming  Language  Standard 

A  federal  standard  for  the  computer  programming  language  Ada  is  now 
available.     Approved  for  federal  government  use  by  Commerce  Secretary 
Malcolm  Baldrige,  Ada  is  a  high-level  language  suitable  for  programming 
applications    such  as  control  of  real-time  processes  or  parallel  processing, 
very  large  systems  where  correct  modularization  is  crucial,  systems  which 
need  to  be  very  reliable,  and  systems  which  are  to  be  developed  with  re- 
usable software  packages.     The  federal  standard  adopts  a  voluntary  in- 
dustry standard  issued  by  the  American  National  Standards  Institute. 


FOR  ADDITIONAL  INFORMATION:     Available  from  the  National  Technical 
Information  Service,  Springfield,  VA     22161.     Order  number  FIRS-PUB- 1 1  9, 
$23.     The  price  includes  the  specifications  document  for  Ada  from  the 
American  National  Standards  Institute. 
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Simulation  of  PCM  Data 

A  program  for  a 
communications  and  control 
computer  simulates  pulse- 
code -modulated  data. 


Software  for  simulating  pulse-code- 
modulated  (PCM)  data  from  the  Space 
Shuttle  during  launch  preparations  was 
developed  for  use  with  the  checkout,  con- 
trol, and  monitor  subsystem  (CCMS)  The 
software  facilitates  testing  of  the  CCMS 
with  the  data  expected  from  the  main 
engines,  external  fuel  tanks,  operational 
instrumentation,  general-purpose  com- 
puter, backup  flight  system,  and  payload. 
An  understanding  of  the  approach  used 
in  this  NASA  application  could  benefit  de- 
signers of  other  PCM  systems 

The  table-driven  simulator  is  loaded 
from  disk  into  a  front-end  processor  of 
the  CCMS,  and  a  menu  is  written  onto  the 
screen  of  the  terminal.  Subsequent  inter- 
action is  through  a  series  of  responses  to 
prompts  occurring  in  a  logical  progres- 
sion to  facilitate  easy  building,  saving, 


restoration,  or  execution  of  the  desired 
simulation  The  user's  responses  govern 
storage  and  retrieval  of  simulation  tables, 
and  the  disk  archives  permit  rapid  format 
specification  without  resorting  to  a 
lengthy  rebuilding  process  for  each  use. 
Simulations  on  disk  are  referenced  by  a 
six-character  alphanumeric  label  as- 
signed at  the  time  of  save-to-disk 

The  simulator  alternately  processes 
two  buffer  areas:  Data  to  be  transmitted 
are  built  in  one  buffer  (by  reading  through 
the  tables),  while  the  transceiver  is  trans- 
mitting the  data  from  the  other  buffer. 

Visibility  into  the  "health"  of  the  simula- 
tor during  execution  is  provided  by  ob- 
serving the  contents  of  two  memory  loca- 
tions. One  location,  the  health  counter,  is 
incremented  for  each  minor  frame  buffer 
filled,  denoting  cycling  of  the  software 


The  other  location,  an  error  counter,  in- 
crements once  for  each  time  the  trans- 
ceiver begins  transmitting  a  buffer  before 
software  has  completed  filling  the  buffer: 
It  indicates  an  overrun  condition  —  soft- 
ware unable  to  keep  pace  with  the 
transceiver. 

The  PCM  simulator  design  stresses  the 
ease  of  use  coupled  with  flexibility.  It  en- 
compasses all  PCM  formats  necessary 
for  the  validation  of  CCMS  software  and 
for  hardware/software  integration  The 
simulator  program  executes  in  standard 
CCMS  hardware,  so  no  new  hardware  is 
required 

This  work  was  done  by  G.G.  Bernstrom 
of  IBM  Corp.  for  Kennedy  Space  Center. 
KSCH239/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Decluttering  Methods  for  Computer- 
Generated  Graphic  Displays 

Symbol  simplification  and  contrasting 
enhance  the  viewer's  ability  to  detect 
a  particular  symbol. 


A  report  describes  the  experiments  designed  to  indicate  how 
various  decluttering  methods  affect  the  viewer's  abilities  to 
distinguish  essential  from  nonessential  features  on  computer- 
generated  graphic  displays.  The  results  indicate  that  partial 
removal  of  nonessential  graphic  features  through  symbol 
simplification  was  as  effective  in  decluttering  as  the  total  removal 
of  nonessential  graphic  features. 

It  had  been  hypothesized  that  search  time  is  proportional  to 
the  number  of  visual  features  present  in  a  display.  Based  on  this 
hypothesis,  the  total  removal  of  nonessential  features  would  yield 
the  most  rapid  search.  The  search  would  take  longer  if  declutter- 
ing is  done  by  contrasting  (in  which  nonessential  features  remain 
on  the  display  but  are  reduced  in  line  width  and  intensity)  than 
if  it  is  done  by  simplification  (partial  removal  of  nonessential 
features).  Similarly,  search  time  would  be  greater  when  graphic 
products  are  displayed  against  a  map  background  than  without 
this  background.  This  hypothesis  was  tested  in  a  study  in  which 
the  participants'  task  was  to  count  the  number  of  a  particular  class 
of  displayed  symbols  as  decluttering  methods  and  map  back- 
grounds were  varied. 

The  hypothesis  was  supported  in  part:  The  total  removal  of 
extraneous  symbols  and  simplification  of  these  symbols 
facilitated  search  speed  and  accuracy  relative  to  contrasting  and 
no  decluttering,  while  contrasting  facilitated  performance  relative 
to  no  decluttering.  In  these  cases,  fewer  graphic  features  were 
present  after  removal  and  simplification  than  after  contrasting. 

However,  the  hypothesis  is  contradicted  by  several  aspects 
of  the  data: 

•  Removal,  which  produced  the  greatest  reduction  in  visual 
features,  did  not  significantly  reduce  the  response  time  in 
comparison  to  simplification. 

•  Map  backgrounds,  which  contained  high  levels  of  graphic 
features,  did  not  yield  a  main  effect  upon  response  time; 
instead,  they  caused  an  increase  in  performance  after  con- 
trasting and  a  decrease  in  performance  after  simplification. 
These  results  therefore  indicate  that  the  hypothesis  is  only 
partially  true. 


The  degree  to  which  decluttering  makes  essential  graphic  in- 
formation distinctive,  rather  than  the  absolute  number  of  visual 
features  per  se,  appears  to  be  critical  in  determining  response 
time.  Thus,  even  though  more  graphic  information  remains  after 
simplification  than  after  removal,  both  decluttering  operations 
produce  a  small  set  of  highly  distinctive  symbols  that  can  be 
readily  located.  The  presence  of  another  set  of  smaller,  simpli- 
fied symbols  after  simplification  does  not  increase  the  response 
time  relative  to  removal  because  these  simplified  symbols  readily 
stand  out  against  the  essential  symbol  set  and  vice-versa  Similar- 
ly, map  backgrounds  appear  to  increase  the  color  contrast  be- 
tween essential  and  nonessential  symbols  Thus,  in  contrasting 
the  presence  of  additional  graphic  features  (for  example,  terrain 
markings  and  road  symbols)  enhances  the  discrimination  be- 
tween single-line  and  double-line-width  symbols 

These  results  not  only  suggest  a  theoretical  framework  for 
studying  decluttering,  but  also  demonstrate  the  viability  of 
simplification  and  contrasting  as  decluttering  methods  Both  of 
these  methods  still  allow  users  to  perceive  interrelationships 
among  the  various  graphic  display  elements,  yet  enable  essen- 
tial graphic  elements  to  be  perceptually  distinct  Although 
simplification  is  the  more  effective  of  these  two  methods,  con- 
trasting is  preferred  by  users.  If  users  are  given  the  option  to 
declutter  hierarchically,  the  first  level  of  decluttering  could  be 
contrasting,  followed  by  simplification  or  removal  or  both  at  the 
second  level. 

This  work  was  done  by  E.  Eugene  Schultz.  Jr.,  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory 
"Decluttering  Methods  for  High  Density   Computer- 
Generated  Graphic  Displays,"  NPO-16733  ffN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division  P  O  Box  8757, 
BWI  Airport,  MD  21240;  (301)621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Software  Package  Obtains  System  Reliability 
Information  from  a  System  Fault  Tree 

This  technical  note  was  based  on  a  software  package  developed  by 
Idaho  National  Engineering  Laboratory  for  the  U.S.  Department  of  Energy 
and  available  at  the  National  Energy  Software  Center. 


DOE/TIC/EG-86/016 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


The  PREP/KITT  computer  program 
package  obtains  system  reliability  infor- 
mation from  a  system  fault  tree.  The 
PREP  program  finds  the  minimal  cut 
sets  and/or  the  minimal  path  sets  of  the 
system  fault  tree.  The  KITT  programs  de- 
termine reliability  information  for  the 
components  of  each  minimal  cut  or  path 
set,  for  each  minimal  cut  or  path  set, 
and  for  the  system. 

Exact,  time-dependent  reliability  infor- 
mation is  determined  for  each  compo- 
nent and  for  each  minimal  cut  set  or  path 
set.  For  the  system,  reliability  results  are 
obtained  by  upper  bound  approximations 
or  by  a  bracketing  procedure  in  which 
various  upper  and  lower  bounds  can  be 
obtained  as  close  to  one  another  as  de- 
sired. The  KITT  programs  can  handle  in- 
dependent components  which  are 
nonrepayable  or  which  have  a  constant 
repair  time.  Any  assortment  of  nonrepair- 
able  components  and  components  hav- 
ing    constant     repair    times     can     be 


considered.  Any  inhibit  conditions  having 
constant  probabilities  of  occurrence  can 
be  handled.  The  failure  intensity  of  each 
component  is  assumed  to  be  constant 
with  respect  to  time. 

The  PREP  program  will  obtain  the  min- 
imal cut  and/or  path  sets  for  any  tree 
with  up  to  2000  components  and  2000 
logical  gates.  PREP  can  obtain,  at  most. 
1000  minimal  cut  sets  with  a  maximum 
of  19  components  per  set.  KITT  1  will 
obtain  reliability  information  for  up  to 
500  minimal  cut  or  path  sets  containing 
a  total  of  at  most  400  distinct  compo- 
nents and  inhibit  conditions. 

PREP/KITT  is  written  in  FORTRAN  IV 
and  uses  the  OS/360  MVT  (IBM  360) 
operating  system.  Machine  requirements 
include  360K  bytes  on  the  IBM  360. 

Typical  running  time  on  the  IBM  360/ 
75  is  about  0.06  second  for  a  ten-com- 
ponent tree  without  repair.  (References 
2-3  are  included  with  the  software 
package.) 


i 


REFERENCES 


DOE  reports): 

(1)  Analysis  of  Fault  Trees  by  Kinetic  Tree  Theory 
Report  number:  IN- 1330 I  NAB 

(2)  The  User's  Manual  for  the  PREP  and  KITT  Codes 
Report  number:  IN- 1349 1  NAB 


Other  reference(s) 

(3)  Single  Precision  Modifications  to  the  KITT- 1  and 

KITT-2  Fault  Tree  Codes.  Idaho  Nuclear  Corporation 

Memorandum.  WEV-54-70 

References  1-2  are  available  separately  from  NTIS  See 
order  information  below 


ORDER 
INFORMATION 


This  software  package  (DE83048528/NAB)  can  be 
purchased  for  S 1360  (North  American  Price)  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  fNESC 
No.  528)  directly  or  by  subscription  from 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No:  (3 12)  972-  7250  (Comm.) 
972-7250  (FTS) 
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Analyzing  Shuttle  Orbiter 
Trajectories 

Measurements  are  combined 
to  produce  best  estimates  of 
flight  paths. 


The  LRBET4  program  is  a  best- 
estimate-of-trajectory  (BET)  calculation 
for  post-flight  trajectory  analysis  of  the 
Shuttle  orbiter.  LRBET4  produces  esti- 
mated measurements  for  comparing  the 
predicted  and  actual  trajectory  of  an 
Earth-orbiting  spacecraft.  A  Kalman  filter 
and  a  smoothing  filter  are  applied  to  the 
input  data  to  estimate  the  state  vector,  re- 
duce noise,  and  produce  the  BET. 

LRBET4  processes  up  to  three  simul- 
taneous range  measurements  from  tacti- 
cal air  navigation  sites,  C-band  radar,  and 
S-band  radar.  In  addition,  LRBET4  ac- 
cepts Doppler  measurements  obtained 
from  tracking  data-relay  satellites. 


Inertial-measurement-unit  data  are  used 
in  the  equations  of  motion  to  improve  ac- 
curacy during  large  burns. 

The  program  incorporates  a  Kalman 
filter  to  process  all  navigational  data  prior 
to  a  given  time.  This  output  is  then  used 
by  a  backward-smoothing  filter  to  esti- 
mate the  state  vector  based  on  data  be- 
fore and  after  the  given  time.  The  normal 
LRBET4  output  is  the  state  vector  from 
the  smoothing  filter.  Abbreviated  runs  can 
be  performed  using  only  the  forward  Kal- 
man filter.  The  state  vector  is  propagated 
at  time  intervals  of  less  than  60  seconds, 
with  its  output  to  a  magnetic  tape  or  a 
printer. 


LRBET4  is  written  in  FORTRAN  IV  for 
batch  execution  and  has  been  imple- 
mented on  a  CDC  CYBER  170-senes 
computer  with  a  central-memory  require- 
ment of  approximately  117K  (octal)  of 
60-bit  words.  The  program  was  written  in 
1983. 

This  program  was  written  by  William 
M.  Lear  of  TRW,  Inc.,  for  Johnson  Space 
Center.  MSC-20786  fTN 

FOR    ADDITIONAL    INFORMATION 
CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Alhens.  GA  30602 
(404)  542-3265 
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High-Level  Data- 
Abstraction  System 

Communication  with  the  data- 
base processor  is  flexible  and 
efficient. 


The  High  Level  Data  Abstraction 
(HILDA)  system  is  a  three-layer  system 
supporting  the  data-abstraction  features 
of  the  Intel  data-base  processor  (DBP). 
The  purpose  of  HILDA  is  the  establish- 
ment of  a  flexible  method  of  efficiently 
communicating  with  the  DBP.  The  power 
of  HILDA  lies  in  its  extensibility  with  re- 
gard to  syntax  and  semantic  changes. 
HILDA'S  high-level  query  language  can 
be  readily  modified.  HILDA  offers  power- 
ful potential  to  computer  sites  where  the 
DBP  is  attached  to  a  DEC  VAX-series 
computer. 

Each  layer  within  HILDA  plays  a  specific 
role  during  communication  with  the  DBP. 
The  first  layer  is  the  Service  Port  Protocol 
(SPP),  which  provides  an  error-correcting 
asynchronous  protocol  to  serve  as  the 
foundation  for  the  other  two  layers. 

The  second  layer  of  HILDA  is  the  DBP 
Semantics  Specification  Package 
(DBPSSP),  which  enables  the  analyst 
easily  to  construct  request  blocks  to  be 
sent  to  the  DBP  DBPSSP  is  a  collection 


of  assembly  tools  and  serves  as  a  cross- 
assembler.  The  DBP  "machine  code"  is 
assembled  on  the  host  and  then  directed 
to  the  DBP  for  execution. 

The  third  layer  of  HILDA  is  the  DBP 
Query  Language  (DBPQL),  which  is  a 
high-level  query  processor  that  enables 
the  analyst  to  communicate  with  the  DBP 
using  English-like  commands.  DBPQL  is 
designed  to  be  used  both  by  casual  data- 
management  users  and  by  users  with  in- 
depth  knowledge  of  DBP  commands. 
DBPQL  includes  trace  and  performance 
commands  to  aid  the  analyst  in  imple- 
menting new  commands  and  in  analyzing 
the  execution  characteristics  of  the  DBP. 
A  parser  generator  package  (PARGEN)  is 
included  to  enable  the  analyst  to  create 
and  manipulate  easily  the  query  state- 
ment syntax  and  semantics. 

The  HILDA  system  is  written  in  Pascal 
and  FORTRAN  77  for  interactive  execu- 
tion. HILDA  is  designed  for  implementa- 
tion on  a  DEC  VAX-series  computer  with 
the  VMS  Level-3  operating  system,  an  In- 


tel DBP,  and  an  RS-232  connection  The 
HILDA  system  was  developed  in  1983. 

This  program  was  written  by  Paul  A. 
Fishwick  of  Kentron  International,  Inc., 
for  Langley  Research  Center. 
LAR-13244/TN 

FOR    ADDITIONAL    INFORMATION 

CCWTACT: 

COSMIC® 
112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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An  Expert-System  Engine 
With  Operative 
Probabilities 

The  program  enables  proof- 
of-concept  tests  of  expert 
systems  under  development. 


AESOP  is  a  rule-based  inference  en- 
gine for  an  expert  system,  which  makes 
decisions  about  a  particular  situation 
given  user-supplied  hypotheses,  rules, 
and  answers  to  questions  drawn  from  the 
rules.  If  a  knowledge  base  containing  the 
hypotheses  and  rules  governing  an  envir- 
onment is  available  to  AESOP,  almost  any 
situation  within  that  environment  can  be 
resolved  by  answering  the  questions 
asked  by  AESOP.  The  questions  can  be 
answered  with  YES,  NO,  MAYBE,  DON'T 
KNOW,  DON'T  CARE,  or  with  a  probabil- 
ity factor  ranging  from  0  to  10. 

AESOP  was  developed  as  a  tool  for 
^expert-system  development.  Although  it 
Is  probably  not  suitable  for  the  final  imple- 
mentation of  most  expert-systems  appli- 
cations, AESOP  can  serve  as  a  fast 
means  of  developing  a  proof-of-concept 
test  system.  It  also  can  be  valuable  in  al- 
lowing the  majority  of  the  knowledge  en- 
gineering to  be  done  before  commitment 
to  a  final  implementation  mechanism. 


The  sample  AESOP  rule  file  contains 
data  for  determining  whether  tasks  in 
space  should  be  automated  or  performed 
by  humans.  The  initial  prompt  asks  what 
task  is  under  consideration,  and  AESOP 
asks  questions  about  feasibility  and  per- 
formance until  one  of  the  original  hypoth- 
eses (automate  or  perform  by  humans)  is 
confirmed. 

The  rule  file  contains  the  initial  prompt, 
the  rules,  and  mutually  exclusive  rules 
used  in  the  decisionmaking,  the  hypothe- 
ses, and  the  probability  factors  for  each 
rule  in  a  hypothesis  AESOP  builds  a  top- 
down  logic-tree  structure  If  a  reply  is 
DON'T  KNOW,  the  rule  base  is  checked 
for  existing  questions  that  may  solve  the 
dilemma  This  allows  several  levels  of 
rules  to  exist  within  a  particular  level  con- 
taining more-specific  decision  criteria 

When  any  hypothesis  reaches 
90-percent  certainty  AESOP  prints  a  final 
confirming  message  The  user  can  ask 
WHY  or  HOW  for  a  detailed  list  of  the  evi- 


dence confirming  the  hypothesis  The 
status  of  all  initial  hypotheses  posed  to 
AESOP  is  stored  in  a  file  for  later 
reference. 

AESOP  is  written  in  Franz  LISP  for  in- 
teractive execution  and  has  been  imple- 
mented on  a  DEC  VAX-series  computer 
The  program  was  developed  in  1984 

This  program  was  written  by  Nancy  E. 
Orlando  and  Michael  T.  Palmer  of  Lang- 
ley  Research  Center  and  Richard  S. 
Wallace  of  Carnegie-Mellon  University. 
LAR-13382  /TN 

FOR    ADDITIONAL    INFORMATION 
CONTACT: 

COSMIC® 
112  Barrow  Hall 
University  ol  Georgia 
Athens.  GA  30602 
(404)  542-3265 
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Workspace  Program  for 

Complex-Number 

Arithmetic 


The  existing  APL  language 
is  empowered  to  manipulate 
complex  numbers. 


Complex-variable  methods  provide 
analytical  tools  invaluable  for  applica- 
tions in  mathematics,  science,  and  en- 
gineering The  advent  of  computers  signi- 
ficantly streamlined  the  bulk  of  manipula- 
tions involved  in  complex-number  meth- 
ods. APL  is  a  computer-programming 
language  with  powerful  matrix-handling 
capabilities,  but  it  has  no  built-in  complex- 
arithmetic  functions.  COMPLEX  is  a 
workspace  program  designed  to  em- 
power APL  with  complex-number  capa- 
bilities 


Functions  available  in  COMPLEX  in- 
clude addition,  subtraction,  multiplica- 
tion, and  division;  trigonometric  and 
hyperbolic  functions;  natural  and  general 
logarithms;  and  such  other  functions  as 
power,  root,  and  modulus.  Still  other  func- 
tions can  be  programmed  by  building  on 
existing  functions. 

A  program  is  converted  to  complex- 
number  arithmetic  by  replacing  +,  -,  *, 
/.,  etc.,  with  the  appropriate  COMPLEX 
operators.  The  user  assigns  complex 
values  to  the  desired  variables,  usually  in 


a  matrix  of  2*  N,  where  N  is  the  number  of 
complex  variables. 

COMPLEX  is  written  in  APL  for  use 
with  interactive  or  batch  programs  and 
has  been  implemented  on  a  Honeywell 
Sigma-series  computer  operating  under 
CP-V  with  a  central-memory  requirement 
of  approximately  6K  bytes.  This  work- 
space program  was  developed  in  1985. 

This  program  was  written  by  Marshall 
C  Patrick  and  Leonard  W.  Howell,  Jr.,  of 
Marshall  Space  Flight  Center. 
MFS-2811WTN 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC" 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
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Wind-Tunnel-Model  Leak-Checking  System 

A  voice-actuated  system  allows  one 
operator  to  do  the  work  of  three. 
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Note:  DAL)  is  data-acquisition  unit,  SV  is  Scanivalve,  and 
ESP  is  electronically  scanned  pressure. 


The  Leakcheck  System  Requires  Only  One  Operator  using  a  voice-recognition-and-response  system 


A  voice-actuated  wind-tunnel-model 
leak-checking  system  uses  a  voice- 
recognition-and-response  unit  and  a 
graphics  terminal  to  interact  with  the 
technician  and  to  provide  the  technician 
with  visual  feedback,  respectively  (see 
figure).  The  computer-based  Leakcheck 
system  allows  the  computer  to  do  more 
of  the  total  work  in  checking  a  model  for 
leaks  to  reduce  the  time  and  manpower 
required  to  perform  this  task. 

Conventional  methods  for  checking 
leaks  usually  require  three  people.  One 
technician  applies  pressure  to  the  orifice 
selected  by  a  second  technician  via  a 
control  panel  in  the  control  room,  while 
the  third  technician,  who  generally 
hanaies  the  intercommunication  and  rec- 
|  ordkeeping,  requests  a  decision  on  the 


leak  rate  from  the  control-room  techni- 
cian, who  can  see  the  pressure  displayed 
on  a  cathode-ray  tube  (CRT).  These  steps 
are  repeated  until  all  the  orifices  on  the 
model  have  been  checked 

A  voice-recognition  system,  chosen 
for  Leakcheck  to  free  the  operator's 
hands  to  work  on  the  model,  needs  only 
one  operator  The  system  recognizes  and 
responds  to  the  operator's  spoken  in- 
structions. The  recognizer  is  a  speaker- 
dependent,  isolated  command  unit  that 
can  handle  a  vocabulary  of  up  to  100  sep- 
arate commands.  A  spoken  command 
can  be  a  single  word  or  a  phrase  not 
longer  than  1  5  seconds 

The  voice-response  unit  is  a  speech 
synthesizer  that  can  speak  any  number  of 
words.  It  uses  an  algorithm  that  converts 


English  text  strings  to  speech.  With  these 
recognition  and  response  capabilities. 
the  technician  can  say  commands  to  the 
computer  and  hear  a  positive  spoken- 
word  response  A  CRT  that  displays  infor- 
mation about  the  orifice  being  checked  is 
included  in  the  system  to  provide  the 
technician  with  some  visual  feedback  in 
the  leak-checking  process 

The  only  pieces  of  equipment  brought 
into  the  tunnel  test  section  are  the  CRT 
and  the  technician's  headset.  The  techni- 
cian says  the  name  of  the  desired  orifice, 
or  the  computer  searches  automatically 
for  applied  pressure  The  cor^;: 
cides  whether  the  leak  rate  is  accep 
then  speaks  out  the  leak  sta' 
plays  it  on  the  CRT  The  compute-  n 
tains  a  data  base  of  status  ana  provides 
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reports  With  this  arrangement,  one  tech 
nician  can  perform  the  entire  task,  reduc- 
ing the  number  ot  man-hours  previously 
required  by  a  factor  of  3. 

The  Leakcheck  system  has  been  in- 
stalled and  tested  successfully  at  the 
16-foot  (4.9-meter)  transonic  tunnel  at 
Langley  Research  Center.  Current  planning 


calls  for  the  expansion  of  this  technology 
to  include  such  other  measurement  de- 
vices as  thermocouples.  The  software 
will  also  be  modified  so  that  the  graphic 
displays  will  be  device-independent 

This  work  was  done  by  William  E. 
Larson  of  Langley  Research  Center. 
Further  information  may  be  found  in 


NASA  TM -86359  [N85-17936/NSP],  "A 
Voice -Actuated  Wind  Tunnel  Model  Leak 
Checking  System" [A03] A  copy  may  be 
purchased  [prepayment  required]  from 
the  National  Technical  Information  Ser- 
vice, Springfield,  Virginia  22161 
LAR  13449 /TN 
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Fiber  Optic  Helmet  Mounted  Display 


DESCRIPTION 


The  Fiber  Optic  Helmet  Mounted  Display  (FOHMD)  is  designed  to  provide  the  user 
with  a  high  brightness  (30  foot  lamberts),  stereoscopic  high  contrast  full 
color  display  system  with  a  130  by  60  degree  instantaneous  Field  Of  View  (FOV) 
and  a  fully  spherical  Field  Of  Regard  (FOR).  Off  the  helmet  optics  provide 
imagery  which  is  fed  to  the  user  via  an  eye  paired  set  of  light  weight  fiber 
optic  bundles.  The  current  head  tracked  version  keeps  the  high  resolution  25 
by  19  degree  insert  centered  in  the  low  resolution  background  imagery.  Helmet 
weight  has  been  kept  to  five  pounds  in  order  to  minimize  inertial  effects  and 
allow  for  user  comfort. 

STAGE  OF  DEVELOPMENT 

The  present  system  is  being  upgraded  to  have  the  high  resolution  inset  servoed 
to  the  eyes  in  order  to  present  an  overall  impression  of  a  high  resolution 
FOV.  Eye  tracking  constraints  have  necessitated  development  of  custom  fit 
helmets  in  order  to  minimize  helmet  slippage.  Dynamic  blending  will  also  be 
incorporated  in  order  to  mask  the  fiber  optic  bundle  structure  which  is 
currently  perceptable  in  the  displayed  imagery.  Further  refinements  to  the 
optical  based  head  tracker,  the  fiber  optic  bundles  and  the  helmet  optics  are 
also  being  pursued. 

APPLICATIONS 

The  FOHMD  system  can  be  used  to  present  scenes  which  require  full  color 
stereoscopic  reality.  Wherever  remote  monitoring,  simulation  or  lifelike 
visual  displays  are  warranted,  such  as  the  nuclear  industry,  NASA,  pilot 
training,  deep  sea  mining,  or  remotely  piloted  vehicles,  the  FOHMD  can  deliver 
far  greater  fidelity  than  what  is  currently  available  on  the  market. 

PATENT  STATUS 

Since  the  FOHMD  system  may  qualify  as  a  statutory  class  of  inventions,  patent 
information  should  be  obtained  from  the  contractor,  CAE  Electronics. 

SOFTWARE  RIGHTS 

The  software  component  of  the  FOHMD  System  was  developed  by  AFHRL  under 
contract  with  CAE  Electronics.  AFHRL  has  the  rights  to  reproduce  the  work  in 
copies,  distribute  copies  to  the  public,  and  the  right  to  have  others  do  so, 
for  U.S.  Government  purposes.  Guidance  on  release  to  requestors  is  given  in 
AFR  300-6  and  AFR  700-4  (Vol.  1). 
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Status  reports  and  behaviorial  research  using  this  system  are  available  from 
AFHRL/OT.  AFHRL-TR-85-59,  Wide  Field-of-View  Helmet  Mounted  Infinity  Display 
System  Development  is  currently  in  editorial  review.  I 

ADDITIONAL  INFORMATION 

The  FOHMD  system  is  currently  available  from  the  primary  contractor,  CAE 
Electronics  of  Montreal,  Canada.  This  firm  may  be  contacted  directly  for 
further  information. 

For  additional  information  concerning  this  technology,  please  contact:  Mr. 
Mel  Thomas,  AFHRL/OTU,  Williams  AFB,  AZ,  85224,  (Phone:  Commercial  (602) 
988-6561).  The  AFHRL  Office  of  Research  &  Technology 

Application  (ORTA)  focal  point  is  Dr.  Joe  Hazel,  AFHRL/XR.  Brooks  AFB,  TX 
78235-5601.  (Phone:  Commercial  512-536-3426) 
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Reducing  Digital  Retransmissions 

An  improvement  of  a  coding  technique  reduces 
the  number  of  rejected  messages. 


A  digital  coding  scheme  greatly  reduces  the 
number  of  messages  that  must  be  retransmitted 
because  of  errors.  The  new  scheme  is  used  with 
the  TACFIRE  error-control  system  for  digital  com- 
munication. 

TACFIRE  applies  a  shortened  Hamming  code  to 
each  character  of  a  message.  The  correction  of  a 
single  bit  error  within  an  encoded  character  is 
made  by  the  Hamming  decoder.  Error  patterns  that 
are  detectable  but  not  correctable  cause  rejection 
(nonacknowledgment)  of  the  message.  On  noisy 
communication  channels,  retransmissions  of  re- 
jected messages  consume  significant  resources. 

In  the  new  scheme,  which  was  developed  for 
the  U.S.  Army  Ballistic  Missile  Laboratory,  a  sec- 
ond stage  of  coding  is  applied  to  the  characters  of 
'the  message.  Improvement  of  the  message  rejec- 
tion rate  by  several  orders  of  magnitude  has  been 
demonstrated.  The  older  TACFIRE  coding  tech- 
nique, when  used  on  channels  with  coherent  fre- 
quency-shift keying  (FSK)  with  values  of  signal-to- 
noise  ratio  ranging  from  4  to  8  dB,  produced 
message  rejection  rates  ranging  from  6x  KJ4  to 
0. 1 .  With  the  new  coding  technique,  which  involves 
the  concatenation  of  Reed-Solomon  codes,  the  er- 
ror rates  dropped  to  a  range  of  5  x  1033  to  4  x  10"4 
(see  figure). 

However,  messages  have  been  lengthened 
from  48  to  63  characters  with  no  corresponding  in- 
crease in  the  amount  of  information  transmitted. 


0  01     0  02     0.03     0  04     0  05     0  06     0  07    0  08      0  09      0  1 
Channel  BM-Errof  Probability 

For  the  Combined  Coding  Scheme,  the  probability  of  a 
detectable  but  uncorrectable  error  pattern  (which  can  also  be 
regarded  as  the  probability  of  an  "erasure")  and  the 
probability  that  a  received  message  is  not  acknowledged  are 
each  plotted  as  a  function  of  the  channel  bit-error  probability 
A  received  message  is  not  acknowledged  if  it  contains  more 
than  15  "erasures." 


Moreover,  an  additional  stage  of  encoding  and, 
more  significantly,  of  decoding  must  be  added. 
Project  officer  A  Brinton  Cooper 
(301 )  278-3677  or  AV  283-3677. 
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Processing  Breakthroughs  Permit  Fabrication 
of  First  Radiation-Hardened  Two-Level  Metal 
Microchip 

This  technical  note  was  based  on  research  conducted  by  Sandia 
National  Laboratories  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86/010 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


s 

Sandia  National 
Laboratories 


New  processing  techniques  have  per- 
mitted researchers  to  build  a  radiation- 
tolerant  microchip  that  uses  two  levels 
of  interconnects  to  make  electrical  con- 
nection between  the  more  than  1 00.000 
components  that  each  chip  contains. 

The  result  of  the  process  is  a  thumb- 
nail-size memory  chip  that  is  inherently 
faster  by  a  factor  of  30%  and  inherently 
less  susceptible  to  the  effects  of  transient 
radiation  than  previous  generations  of  the 
devices. 

Keys  to  the  development  of  the  new 
chip  include: 

( 1 )  Use  of  a  new  layered  material— pure 
aluminum  capped  by  a  thin  layer  of  tan- 
talum silicide — as  first-level  intercon- 
nects. The  tantalum  silicide  cap  serves  to 
eliminate  surface  roughness  that  typically 
forms  on  aluminum  lines  during  cycling 
as  the  fabrication  steps  are  carried  out. 

(2)  Use  of  special  deposition  and  etch- 
ing techniques  to  ensure  creation  of  a 
flat  silicon  dioxide  layer  between  the  de- 
vice's bottom  and  top  interconnect  levels. 
Called  Plasma  Plananzation.  this  multi- 
step  process  begins  with  low-temperature 
deposition  of  silicon  dioxide  on  top  of 
the  IC's  aluminum/tantalum  silicide  in- 


terconnects, followed  by  deposition  of 
photoresist  on  top  of  the  silicon  dioxide. 

(3)  Use  of  a  new.  versatile  etching  tech- 
nique to  cut  tailormade  passageways 
through  the  device's  insulation  layer.  The 
passageways  permit  electrical  connec- 
tions to  be  made  between  an  IC's  top  and 
bottom  levels.  The  etching  techniques 
can  be  tailored  to  produce  either  straight 
or  sloped  walls,  depending  on  the  mate- 
rial— aluminum  or  tungsten— used  in  the 
passageways. 

By  using  multiple  layers  of  metal  inter- 
connects, designers  can  squeeze  more 
components  onto  a  given  size  chip.  In 
addition,  electrical  signals  travel  through 
a  multi-layer  metal  IC  faster  than  through 
a  single-layer  metal  device  because  the 
lines  can  be  much  shorter  and  straighter. 
This  design  capability  also  aids  reliability 
because  it  reduces  the  chances  of  elec- 
trical shorts  and  other  problems. 

In  addition,  the  freedom  to  use  two  lev- 
els of  metal  interconnects  will  help  de- 
sign chips  so  that  excess  photocurrents. 
caused  if  a  high-energy  gamma-  or  X-ray 
collides  with  the  chip,  can  be  more  ef- 
ficiently routed  to  ground. 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
Public  Information  Division 
Sandia  National  Laboratories 
Albuquerque.  NM  87185 
Telephone  No.:  (505)  844-8065 
or  844-7767 


NTIS  Tech  Notes  November  86 


1162 


• 


NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 
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Selected  Papers  On  Standards  &  Measurement  of 
Electricity 

NBS  has  published  a  compilation  of  key  papers  by  NBS  authors  on 
electrical  measurements.     The  volume  includes  66  papers  published 
during  the  last  two  decades,   including  many  published  in  recent 
years  on  quantum  methods  of  "realizing"  electrical  standards.     The 
most  recent  papers  involving  quantum  phenomena  were  published 
during  the  past  3  years  on  investigations  of  the  von  Klitzing  effect, 
which  may  provide  a  new  basis  for  a  definitive  standard  of  electri- 
cal resistance.     Measurements  of  power,  current,  voltage,  capaci- 
tance, phase  angle,  and  other  quantities  are  also  covered.     The 
compilation  also  includes   16  abstracts  of  closely  related  papers  by 
non-NBS  authors. 
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Domestic  Technology  Transfer  Fact  Sheet 


Broadband,  Solid   State,  High  Power  RF  Amplifiers 
Improved 


Broadband,  solid  state,  high  power, 
RF  amplifiers  have  been  improved 
through  the  sponsorship  of  the  Naval  Air 
Systems  Command. 

Methods  have  been  established  by 
which  high  power,  RF  amplifiers  could 
be  manufactured  efficiently  and  inexpen- 
sively while  improving  their  electrical 
performance.  Cost  reductions  were 
achieved  by  increasing  producibility, 
reliability,  and  repairability,  while  max- 
imizing yields. 

RF  amplifier  modules  produced  using 
the  old  method  had  approximately  26 
subassemblies,  each  built  in  a  cavity- 
shaped  housing.  The  large  number  of 
subassemblies  resulted  in  excessive  varia- 
tions in  electrical  parameters  from  one 
unit  to  the  next.  They  required  the  use  of 
potting  compounds  for  survivability  in 
various  environmental  conditions,  mak- 
ing the  modules  difficult  and  expensive 


to  repair. 

The  RF  amplifier  modules  were 
redesigned  to  contain  only  three  or  four 
subassemblies  each,  resulting  in 
significantly  improved  electrical  perfor- 
mance. Changes  to  the  automated  RF  test 
equipment  have  reduced  the  required 
operator  skill.  Overall  module  test  time 
has  been  reduced  by  approximately  30 
percent. 

The  packaging  was  also  redesigned  to 
eliminate  many  assembly  problems  and 
decrease  costs.  Finally,  semiconductor 
processing  techniques  were  optimized, 
resulting  in  a  70-percent  increase  in  wafer 
yield. 

Results  of  the  1983  successful  project 
demonstration  have  been  fully  im- 
plemented in  the  production  of  high 
power,  RF  amplifier  modules  for  the 
AN/ARC- 182  radio. 


For  Additional  Information,  Contact: 
Navy  Domestic  Technology  Fact 

Sheet  Reader  Reply  Service 
Code  E2 11 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)663-8921 
Refer  to  110304ATN 
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Space  Administration 


m  Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Unbalanced-to-Balanced  Video  Interface 

Equal  but  opposite  video  waveforms  are  generated. 


♦ 


,'.     ^  + Output 


W\r-^~  Output 


This  Interface  Circuit  converts  a  75-ohm  unbalanced  video  input  to  a  75-ohm  balanced  output. 


An  interface  circuit  for  video  signals 
converts  a  75-ohm  unbalanced  input  to  a 
75-ohm  balanced  output.  The  circuit  (see 
figure)  is  intended  for  use  with  an  input  tele- 
vision signal  having  polarity,  amplitude,  and 
dc  bias  such  that  the  tips  of  the  synchronizing 
pulses  lie  at  zero  volts  while  the  reference 
white  level  is  a  specified  positive  dc  level 
(typically  about  1  volt). 

The  unbalanced  input  line  is  terminated 
in  a  75-ohm  resistor,  Rv  Capacitor  C^ 
blocks  the  dc  component  of  the  input  so 
that  only  the  time-varying  component  is  fed 
to  Q:  and  is  inverted  in  polarity. 

The  combination  of  capacitor  C2,  resis- 
tor R5,  and  diode  CR,  acts  as  a  dc  restorer 


for  the  inverted  waveform.  Since  the  tips  of 
the  synchronizing  pulses  are  at  the  positive 
extremity  of  the  inverted  waveform,  the  di- 
ode clamps  them  near  zero  volts,  while  al- 
lowing the  negative-polarity  remainder  of 
the  signal  to  be  fed  to  buffer  amplifier  Q2. 
The  input  impedance  of  Q2  is  high  enough 
to  prevent  the  loss  of  dc  restoration  during 
the  horizontal-line  picture-transmission 
time  between  synchronizing  pulses. 

Integrated  circuit  l^  takes  the  unbal- 
anced output  of  Q2  and  produces  a  bal- 
anced output  to  drive  integrated-circuit 
current  amplifiers  U2  and  U3.Rn  is  used  to 
adjust  the  output-signal  amplitude.  R15  is  a 
fine-adjustment  control  to  set  the 


synchronizing-pulse  tips  to  zero  output 
voltage.  R13  and  R19  match  the  amplifier 
outputs  to  the  two  conductors  of  the  bal 
anced  75-ohm  output  transmission  line 
Thus,  the  output-line  conductors  carry 
opposite-polarity  replicas  of  the  input  video 
signal. 

This  work  was  done  by  James  E 
Richardson , of  Taft  Broadcasting  Corp.  for 
Johnson  Space  Center. 
MSC-20950  /TN 
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A    Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Linear  Phase  Modulator 

The  circuit  suppresses  the  AM  component  while  providing  a  matched  input  impedance. 


A  linear  phase  modulator  combines  two 
shorted  resonant  circuits  with  a  quadrature 
hybrid  coupler  to  produce  a  matched  input 
impedance  and  eliminate  the  amplitude- 
modulation  (AM)  component  Previous  de- 


signs created  a  large  AM  component  along 
with  the  phase-modulation  component 
The  circuit,  which  was  used  in  the  payload 
integrator  of  the  Space  Shuttle  S-band 
communications  and  tracking  equipment, 


should  find  application  in  other  communi- 
cations and  tracking  equipment 

The  new  phase  modulation  shown  in  the 
figure  uses  the  reflective  properties  of  a 
series  resonant  tank  to  reflect  all  of  the  sig- 
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The  320-MHz  Phase  Modulator  provides  ±  36°  modulation  while  suppressing  the  AM  component  The  circuit  also  eliminates  the  input  mismatch 
problems  because  ot  the  matching  capabilities  of  the  balanced  design  using  a  quadrature  coupler 
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nal  except  for  a  small  amount  in  the  un-  ing  requirements:  operation  at  320  MHz  with         an  AM  component  of  less  than  0.5  percent, 

loaded  Q  of  the  coils  and  varactor  diode  the-capability  of  modulating  ±  36  °  within  This  work  was  done  by  Robert  H.  Hesse 

The  circuit  was  designed  to  meet  the  follow-  ±10  percent  of  the  best-fit  straight  line  with        of  TRW.  Inc.,  for  Johnson  Space  Center. 

MSC-20555/TN 
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Self-Alining  Electrical  Connector 

A  mating  pair  of  insulators  forces  the  initial  alinement  of  a  plug  and  socket. 


A  self-alining  multipin  electrical  con- 
nector features  tapered  insulators  that 
are  keyed  to  mate  each  other  before  the 
male  pins  come  into  contact  with  the  fe- 
male sockets.  This  arrangement  prevents 
the  breakage  or  bending  of  the  male  pins 
as  on  conventional  connectors  when  mis- 
alined  contacts  are  carelessly  pressed 
together. 

In  the  new  design  (see  figure),  the  male 
pins  are  recessed  behind  one  of  the  alin- 
ing insulators  so  that  they  cannot  touch 
the  female  contacts  before  the  plug  and 
socket  are  properly  alined.  The  contacts 
mate  when  the  coupling  nut  draws  the 
alined  plug  and  socket  together,  depress- 
ing one  of  the  alining  insulators  against  a 
spring.  The  compressed  spring  provides 
tension  on  the  mated  threads  of  the  as- 
sembly, helping  the  connector  to  resist 
loosening  under  vibration  or  shock. 

In  contrast,  conventional  connectors 
must  be  alined  precisely  before  the  con- 
tact to  prevent  the  pin  damage.  By  provid- 
ing the  alinement  before  the  mating,  the 
new  design  effectively  extends  the  contact 
life.  Furthermore,  the  accurate  alinement 
would  simplify  the  mating  of  connectors 
having  high  contact  densities. 

The  new  connector  should  be  both 
faster  and  easier  to  use  than  are  conven- 
tional circular  multipin  connectors,  par- 
ticularly if  the  user  is  wearing  gloves  or 
the  connector  is  located  out  of  sight,  in  a 
confined  space,  or  in  a  hard-to-reach  lo- 
cation. The  new  connector  concept  could 
be  used  in  fiber-optic  connectors  or  in  hy- 
brid electrical/fiber-optic  connectors. 

Connectors  embodying  the  concept 
can  be  packaged  in  housings  suitable  for 
such  severe  environments  as  high  alti- 
tude, outer  space,  under  water,  high  or 
low  temperatures,  or  high  pressures.  The 
design  would  also  be  useful  in  high- 
voltage  applications  because  the  tapered 
alining  insulatdrs  would  press  against 
each  other  when  the  coupling  nut  is  fully 
tightened,  eliminating  air  spaces,  which 
could  otherwise  become  electrical- 
leakage  paths. 

This  work  was  done  by  Anthony 
Swanic  of  Arbus,  Inc.,  for  Marshall 
Space  Flight  Center. 


PARTLY  MATED 


Coupling 
Nut 


FULLY  MATED 


The  Plug  and  Socket  have  tapered,  trapezoidally  shaped  insulators,  which  guide  aline- 
ment. Partially-cutaway  side  views  show  the  connector  pair  at  two  stages  in  the  mating 
process:  In  the  first,  the  tapered  insulators  have  touched  and  forced  each  other  into  aline- 
ment prior  to  contact  mating;  in  the  second,  tightening  the  coupling  nut  on  the  plug  has 
pushed  the  plug  further  into  the  socket,  compressing  the  spring  behind  the  plug  insulator. 
and  forcing  the  electrical  contacts  to  mate. 
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Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center 
Refer  to  MFS-26022./TN 


George  C.  Marshall  Space 
Flight  Center 

Technology  Utilization  Officer: 

Isamil  Akbay 

Code  AT01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-0962 


Patent  Counsel 

Leon  0  Woftord.  Jr 

Mail  Code  CC01 

Marshall  Space  Flight  Center. 

AL  35812 

(205)544-0014 
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ROM-Based  Plan-Position-Indicator  Sweep  Driver 

The  circuit  produces  a  PPI  display  on  a 
conventional  X-Y  oscilloscope. 
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This  Sweep  Driver  generates  a  PPI  display  on 
ters  of  prior  PPI  display  units  are  not  needed 

The  read-only-memory-based  (ROM- 
based)  plan-position-indicator  (PPI) 
sweep  driver  electronically  generates  cir- 
cular radar  presentations  on  a  conven- 
tional X-Y  oscilloscope.  Conventional 
methods  to  accomplish  this  task  have 
used  mechanically-driven  deflection  coils 


a  conventional  X-Y  oscilloscope.  The  mechanically-driven  deflection  coils  or  potentiome- 


or  mechanically-driven  sine  and  cosine 
potentiometers,  requiring  mechanical 
preventive  maintenance  plus  a  dedicated 
display  indicator.  The  new  method  can 
display  the  radar  sweep  on  any  conven- 
tional storage  oscilloscope. 
The  ROM-based  system  uses  a  pro 


gramable  memory  to  define  the  sweep 
function  Because  the  sweep  function 
thus  becomes  essentially  a  table-lookup 
function,  other  presentation  formats  can 
be  accommodated  by  changing  or  elec- 
trically selecting  different  memory  chips. 
For  example,  the  normal  search-radar 
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display  is  the  circular  PPI,  but  it  would  be 
very  simple  to  reprogram  the  memory  for 
an  offcenter  sector  sweep  or  even  a 
bearing/range  B-scan. 

The  circuit  (see  figure)  requires  three 
inputs.  The  first  is  a  once-per-scan  pulse 
to  synchronize  the  display  to  the  north, 
the  relative  heading,  or  another  refer- 
ence direction.  The  second  is  a  once-per- 
degree-of-rotation  pulse  to  advance  the 
sweep  rotation.  The  third  input  is  the  nor- 
mal sweep  ramp.  The  duration  of  the 
ramp  corresponds  to  the  maximum  dis- 
played range.  Changing  the  ramp  duration, 
while  holding  its  peak  amplitude  constant, 
changes  the  maximum  displayed  range. 

There  are  two  main  counter  sections. 
The  first  section,  known  as  the  degree 
counter,  counts  from  0  to  359  and  resets. 
This  counter  is  also  reset  by  the  once- 
per-scan  input  pulse  to  synchronize  the 
counter  to  the  antenna.  The  counter 


states  are  routed  in  parallel  to  two 
ROM's. 

The  second  counter  section,  known  as 
the  quadrant  counter,  consists  of  two 
subsections.  One  counts  from  0  to  89  and 
resets.  It  is  also  reset  by  both  the  once- 
per-scan  pulse  and  the  degree-counter 
reset.  The  output  of  this  counter  is  fed  to  a 
two-stage  binary  counter,  the  0-to-3 
counter,  which  keeps  track  of  what  quad- 
rant the  sweep  is  in. 

The  absolute  values  of  the  sine  func- 
tion normalized  to  an  integer  scale  of  0  to 
255  are  stored  in  the  first  ROM.  The  sec- 
ond ROM  contains  the  absolute  values  of 
the  cosine  function  normalized  to  an  inte- 
ger scale  of  0  to  255.  The  ROM  data- 
output  lines  are  connected  to  program- 
able  attenuators,  which  are  fed  by  the 
sweep  ramp.  The  outputs  of  the  program- 
able  attenuators  are  routed  through  the 
quadrant  amplifier/switch  units.  The 


quadrant  switches  are  formed  from  4066 
CMOS  analog  gates  and  are  driven  by  de- 
coders connected  to  the  quadrant  coun- 
ter. The  result  is  a  sweep  ramp  multiplied 
by  the  sine  and  the  cosine  of  the  antenna 
position.    '  i 

These  two  outputs,  when  fed  to  the* 
and  Y  inputs  of  an  oscilloscope,  produce 
a  true  PPI  display  The  8-bit  programable 
attenuators,  one  for  the  sine  and  one  for 
the  cosine,  consist  of  resistor  ladder  net- 
works and  analog  gates.  The  gates  con- 
nect the  resistors  to  ground  or  to  the  input 
signal  according  to  the  bit  pattern  from 
the  respective  ROM.  This  circuit  has 
been  built  and  tested  and  will  form  the 
heart  of  a  display  system  for  a  bistatic  IFF 
processor  at  Langley  Research  Center. 

This  work  was  done  by  John  M.  Franke 
and  Bradley  D.  Leighty  of  Langley  Re- 
search Center.  LAR-13328/TN 
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Variable  Synthetic  Capacitance 

Small  oscillator-frequency  changes  are  produced  by  digital  signals. 
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The  Variable  Synthetic  Capacitor  is  an  amplifier  circuit  with  a  follower/feedback  configuration.  The  effective  input  capacitance  depends  on 
the  input  set  current.  If  the  synthetic  capacitor  is  connected  across  the  resonant  element  of  an  oscillator,  the  oscillator  frequency  can  be 
controlled  via  the  input  set  current. 


A  feedback  amplifier  circuit  synthesizes 
an  electronically  variable  capacitance. 
Because  the  changes  in  the  effective  ca- 
pacitance are  relatively  small  even  with 
large  control-signal  voltages,  the  circuit  is 
insensitive  to  input  noise.  The  circuit  is 
especially  suitable  for  fine  frequency  ad- 
justments of  piezoelectric-crystal  or  in- 
ductor/capacitor resonant  oscillators. 

The  circuit  (see  figure)  includes  an  op- 
erational amplifier,  the  gain-bandwidth 
product  of  which  varies  with  an  input  set 
current,  and  the  output  impedance  of 
which  varies  with  an  output  set  current. 
The  inverting  input  is  connected  to  the 
output  through  bias  resistor  R-,  and  paral- 
lel bypass  capacitor  Cv  This  capacitor  is 
large  enough  so  that  for  practical  pur- 
poses it  can  be  regarded  as  a  short  cir- 
cuit at  the  intended  oscillator  frequency. 
Thus,  the  signal  at  the  inverting  input  fol- 
lows the  output  signal.  Capacitor  C2  is 
connected  in  a  feedback  loop  from  the 
i  output  to  the  inverting  input. 

In  this  follower  configuration,  the  volt- 
age gain  Kr  (output  signal  voltage  divided 
by  input  signal  voltage  at  the  noninverting 


input)  is  given  by  hC  =  K/(1  +  K),  where 
K  =  the  open-loop  gain  of  the  operational 
amplifier  alone.  At  a  frequency  f  in  the 
intended  operating  range  of  several 
megahertz  to  one  gigahertz,  K  can  be  ap- 
proximated as  -  jfg/f ,  where  fg  =  the 
gain-bandwidth  product. 

These  values  of  Kr  and  K  are  used  to 
calculate  the  circuit  input  admittance,  Y, 
at  the  noninverting  input.  The  result  is 
Y  =  2nC2Gf-fg)/[1  +(ffl/f)2],  which  is 
equivalent  to  the  admittance  of  a  large 
negative  resistance  in  parallel  with  an 
effective  (synthetic)  capacitance  of 
Cetf  =  C2/[1  -MVO2]-  O^e  negative  resis- 
tance can  be  ignored  because  it  is  large 
in  comparison  to  the  resistance  with 
which  it  is  connected  in  parallel.) 

The  synthetic  capacitance  is  normally 
connected  across  the  piezoelectric  crys- 
tal or  other  resonant  element  of  an  oscil- 
lator. The  ungrounded  side  of  the  element 
is  connected  to  the  noninverting  input 
while  the  grounded  side  of  the  element  is 
connected  to  the  circuit  ground.  Although 
Cetf  and  the  oscillator  frequency,  f,  de- 
pend on  each  other,  the  variation  in  f  is  so 


small  in  practice  that  Ceff  and  f  can  both 
be  considered  to  depend  only  on  fg. 

The  input  set  current  is  varied  to  adjust 
f  via  its  effect  on  fg.  The  input  set  current 
is  fed  through  resistor  R3  from  a  summing 
circuit.  The  summing-circuit  inputs  are  a 
temperature-compensating  voltage,  a 
bias  voltage,  and  the  output  of  a  digital-to- 
analog  converter  (DAC). 

The  digital  input  to  the  DAC  is  the  main 
frequency-control  signal.  It  can  be  gen- 
erated locally  or  transmitted  over  a  long 
distance.  A  typical  DAC  might  have 

1,024  steps,  with  analog  output  incre- 
ments of  about  5  mV  per  step.  Thus,  the 
oscillator  frequency  is  varied  in  512  small 
steps  above  and  below  a  central  value. 

For  a  5-MHz  crystal  oscillator  con- 
nected to  this  circuit  and  using  typical 
component  values,  each  step  of  the  DAC 
can  be  made  to  correspond  to  a  frequen- 
cy change  of  0.005  Hz  or  even  less  (<  1 
part  in  109).  This  small  change  in  frequen- 
cy is  achieved  with  relatively  large  digital 
signal  voltages  so  that  noise  is  not  a  pri- 
mary consideration  The  noise  at  the  DAC 
output  is  of  the  order  of  nanovolts  and 
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thus  has  no  appreciable  effect  on  the 
frequency. 

This  work  was  done  by  Leonard  L. 
Weinberg  of  Goddard  Space  Flight 
Center.  GSC-12961  /TN 
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Passive  Element  Shapes  Antenna  Radiation  Pattern 

A  parasitic  waveguide  element  suppresses 
ground-reflected  multipath  radiation. 


A  small  section  of  waveguide  placed  in 
front  of  a  phased-anay  antenna  operating 
at  850  MHz  (see  figure)  modifies  the  radi- 
ation field  by  reducing  power  density  par- 
allel to  and  below  the  ground  plane  with- 
out significantly  affecting  the  primary  ra- 
diation at  angles  greater  than  20  °  above 
the  horizontal.  The  waveguide  acts  as  a 
parasitic  radiator  that  shifts  the  phase  of 
a  portion  of  the  wavefront  by  approxi- 
mately 180  °,  causing  partial  cancellation 
in  the  ground  plane,  thereby  reducing  the 
radiation  intensity  in  that  direction  by 
about  10  dB.  This  produces  a  corre- 
sponding reduction  in  multipath  radiation 
scattered  from  the  ground. 

This  waveguide  technique  could  also 
be  used  to  decouple  two  nearby  anten- 
nas. A  piece  of  waveguide  would  be  posi- 
tioned to  create  a  null  in  the  pattern  of 
one  of  the  antennas  in  the  direction  of  the 
other  antenna.  The  technique  could  be 
used  at  both  antennas  if  necessary. 

The  waveguide  dimensions  are  chosen 
so  that  the  phase  velocity  in  the  waveguide 
is  twice  that  in  free  space  at  the  operating 
wavelength.  The  waveguide  works  with 
circularly  and  linearly  polarized  radia- 
tions. In  contrast  with  such  other  ground- 
plane  radiation-suppression  devices  or 
techniques  as  varying  the  shape  or  length 
of  a  ground  plane,  inductive  gratings,  or 
absorbers,  the  waveguide  takes  up  less 
room.  Also,  in  contrast  with  other  tech- 
niques, the  waveguide  allows  the  radia- 
tion to  retain  a  more  nearly  circular 
polarization  down  to  and  below  the 
ground  plane.  The  new  technique  is  also 
quite  economical,  since  the  short  length 
of  waveguide  required  is  relatively  in- 
expensive. 


A  Passive  Waveguide  Element  modifies 
the  radiation  pattern  of  a  phased-array 
antenna.  In  the  case  shown,  the  goal  is 
I  to  reduce  the  radiation  along  and  toward 
the  ground. 
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When  the  technique  was  tested  in  the 
850-MHz  system,  the  length  and  the 
placement  of  the  waveguide  element 
were  determined  empirically.  A  7-in. 
(17.8-cm)  long,  8-in.  (20.3-cm)  square 
waveguide  proved  to  be  optimum. 

This  work  done  by  Mark  E.  Bonebright 


and  Derling  Killion  of  Cubic  Corp.  for 
NASA's  Jet  Propulsion  Laboratory. 

777/s  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial 
development  should  be  addressed  to  the 


Patent  Counsel,  NASA  Resident  Of- 
fice —  JPL  Refer  to  NPO-16632./TN 
Jet  Propulsion  Laboratory 

Technology  Utilization  Manager 
Norman  L  Chalfin 
Mail  Stop  201-110 
4800  Oak  Grove  Drive 
Pasadena.  CA  9H09 
(818)  3542240 
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Guidelines  for  SEU- 
Resistant  Integrated 
Circuits 

Designs  are  examined  that 
immunize  chips  to  single- 
event  upsets. 

A  paper  presents  recent  results  of  a 
continuing  program  for  increasing  the  re- 
sistance of  integrated  circuits  to  single- 
event  upset  (SEU).  The  results  are  based 
on  a  study  of  test  data  for  heavy-ion  SEU 
in  more  than  180  different  types  of  de- 
vices (Some  of  the  devices  perform  iden- 
tical functions  but  are  made  by  different 
processes.) 

A  single-event  upset  —  an  error  caused 
by  a  single  atomic  particle  interacting 
with  an  integrated  circuit  chip  —  is  usual- 
ly "soft";  that  is,  it  can  be  corrected  by 
subsequent  electrical  input.  Soft  errors 
occur  in  random-access  memories,  mi- 
croprocessors, programmable  read-only 
memories,  and  logic  devices  They  are 
less  likely  to  occur  in  logic  circuits  but  are 
i  more  difficult  to  detect  and  correct  there. 
SEU  has  been  a  problem  primarily  in  inte- 
grated circuits  in  space  vehicles   How 
ever,  terrestrial  cosmic  rays,  which  con- 
tain trace  quantities  of  protons  and 


neutrons,  pose  a  threat  to  very-large 
scale  integrated  chips  as  their  circuit 
features  approach  submicron  dimen- 
sions. 

The  program  is  examining  the  test  data 
to  extract  generalizations  about  the  SEU 
resistance  of  parts  in  terms  of  fabrication 
technology.  The  report  notes  that  certain 
conclusions  can  already  be  drawn.  For 
example,  a  broad  ranking  of  SEU  re- 
sistance, or  "hardness,"  would  place 
complementary  metal-oxide-semicon- 
ductor/silicon-on-sapphire (CMOS/SOS) 
devices  at  the  top  of  the  list.  Following  in 
order  of  decreasing  hardness  would  be 
CMOS  on  bulk  silicon  chips,  n-channel 
MOS  (NMOS),  p-channel  MOS  (PMOS) 
and  bipolar  devices,  and  dynamic  NMOS 
devices. 

The  susceptibility  to  upset  increases 
with  decreasing  feature  size,  and  this  ef- 
fect is  more  dominant  than  the  differ- 
ences in  technology.  Newer  versions  of  a 


given  device  are  more  susceptible  to 
SEU  than  their  larger  feature  size  prede- 
cessors Faster  parts  are  more  suscepti- 
ble than  slower  parts  However,  individual 
device  variability  is  great  so  that  predic- 
tions cannot  substitute  for  tests 

The  program  is  also  examining  devel- 
opments in  mathematical  models  for 
SEU  Mathematical  models  can  be  used 
to  a  certain  extent  in  designing  devices 
resistant  to  SEU,  but  actually  making 
such  devices  requires  close  collabora- 
tion between  an  experienced  modeer 
and  a  fabrication  group  with  expertise  m 
various  manufacturing  processes,  de- 
vices, and  circuit  design. 

This  work  was  done  by  Donald  K 
Nichols  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory  "Guidelines  for 
Designing  Parts  Resistant  to  Single 
Event  Upset."    NPO-16596/TN 
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Analog  Video  Image- 
Enhancing  Device 

This  inexpensive  system  also 
yields  a  pseudo -three- 
dimensional  effect. 


An  analog  video  image-enhancing  de- 
vice improves  the  appearance  of  technical 
photographs  by  selectively  compressing 
their  overall  dynamic  ranges  while  ac- 
centuating edges  or  small  details  of 
greatest  interest.  Analog  video  circuitry  is 
used  to  provide  an  inexpensive  real-time 
image  processing  technique. 

The  system  includes  a  video  camera 
with  a  lens,  connected  to  a  video  monitor. 
A  circuit  (see  figure)  is  added  to  the  moni- 
tor for  analog  video  enhancement.  The 
video  signal  is  obtained  from  the  monitor 
at  a  point  beyond  where  the  synchroniza- 
tion signals  are  detected,  thus  eliminating 
the  need  to  regenerate  a  composite  video 
signal. 

The  signal  is  high-pass  filtered  with  an 
adjustable  resistor/capacitor  filter.  The 
high-pass  signal  is  then  amplified  with  an 
adjustable -gain  video  amplifier.  The  unal- 
tered signal  is  also  adjustable  from  a  gain 
of  near  zero  to  about  two.  The  two  signals 
are  added  in  a  second  video  amplifier, 
and  the  sum  is  sent  back  to  the  monitor. 
Black-and-white  reversal  is  possible  in 
the  second  amplifier,  allowing  negatives 
as  well  as  prints  to  be  examined  directly, 
as  indicated  in  the  figure. 
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This  Analog  Video  Device  is  added  to  a  video  monitor  for  image  enhancement.  The  circuit  is 
inexpensive,  easy  to  use,  and  can  be  adapted  to  many  closed-circuit  video  systems. 


I 


Adjustments  of  the  new  image  param- 
eters along  with  the  conventional  variabil- 
ity of  monitor  brightness  and  contrast 
enable  the  control  of  a  wide  range  of  im- 
age enhancement.  In  addition,  the  time 
constant  on  the  high-pass  filter  results  in 
a  pseudo-three-dimensional  effect, 
which,  in  some  cases,  shows  detail  more 
clearly. 

This  work  was  done  by  Leonard  M. 
Weinstein  of  Langley  Research  Center. 

This  invention  is  owned  by  NASA,  and 


a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel.  Langley  Research  Center, 
Refer  to  LAR-1 3336. /TN 
Langley  Research  Center 
Technology  Utilization  Officer 
John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  865-3281 
Patent  Counsel: 
Howard  J.  Osborn 
Mail  Code  279 
Hampton,  VA  23665 
(804)  865-3725 
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Temperature-Sensitive  Oscillator 

An  ingestible  thermometer  consists  of  an  oscillator 
with  temperature-dependent  frequency. 


A  new,  small,  inexpensive,  low-power, 
temperature-sensing  circuit  is  suitable 
for  use  as  an  ingestible  thermometer  for 
measuring  internal  body  temperature. 
The  device  is  a  quartz-crystal  oscillator, 
the  frequency  of  which  changes  in  pro- 
portion to  the  change  in  temperature. 

The  circuit  does  not  depend  on  any 
temperature  sensitivity  of  the  crystal  it- 
self. Thus,  readily-available,  inexpensive, 
crystals  can  be  used  Previous  crystal- 
oscillator  temperature-sensing  circuits 
required  expensive  crystals  which  had  to 
be  specially  cut  to  provide  large,  linear 
temperature  coefficients  The  new  circuit 
also  avoids  the  linearity  and  stability  prob- 
lems of  thermistor-based  temperature- 
sensing  circuits. 

The  circuit  includes  an  operational  am- 
plifier, the  gain-bandwith  product  of  which 
can  be  varied  by  varying  the  bias  current 
at  the  programing  input.  Because  of  the 
temperature  variation  of  a  forward  volt- 
age drop  across  two  internal  diodes,  the 
bias  current  (through  resistor  R3)  varies 
with  temperature,  thereby  varying  the 
gain-bandwidth  product.  The  value  of  R3 
is  selected  to  set  the  bias  and  gain- 
bandwidth  product  to  the  desired  values 
at  a  given  temperature  (for  example,  nor- 
mal body  temperature). 

The  oscillator  operates  in  the  rolloff  re- 


gion of  the  gain-versus-frequency  charac- 
teristic of  the  amplifier.  With  the  capacitor 
connected  between  the  output  and  the 
non-inverting  input,  the  effective  capaci- 
tance across  the  crystal  changes  with  the 
gain-bandwidth  product  and  therefore 
with  temperature.  This,  in  turn,  changes 
the  crystal  resonant  frequency  slightly. 

The  oscillator  (see  figure)  operates  at 
about  500  kHz,  a  frequency  that  is  readily 
transmitted  through  the  body  and  for 
which  miniature  crystals  are  available 
Using  the  component  values  shown,  the 
capacitance  varies  with  temperature  in 
such  a  way  that  the  oscillator  frequency 
increases  linearly  over  the  temperature 
range  of  30°  to  40  °C,  at  about  4  Hz 
per  °C  In  general,  achieving  linearity  de- 
pends on  selecting  an  operational  amplifi- 
er with  a  sufficient  change  in  gain- 
bandwidth  product  for  a  given  set  current 
and  a  crystal  with  large  enough  motional 
capacitance  to  allow  it  to  be  pulled  over  a 
relatively  large  frequency  range  with  a 
relatively  small  capacitance  change 

This  work  was  done  by  Leonard  L 
Weinberg  of  Goddard  Space  Flight 
Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
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A  Temperature-Sensitive  Oscillator  with  a 
nearly  linear  temperature  coefficient  of  fre- 
quency can  be  obtained  by  using  a  high- 
speed, high-gain,  programable  operational 
amplifier  such  as  the  OP-32  to  produce  a 
temperature-varying  reflected  capacitance 
across  a  quartz  crystal. 

elusive  license  for  its  commercial 
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Hsgh-Resofutson  Thermal  X-Ray  Detector 

Thermal  pulses  from  single  photons  can  be  measured. 


A  thermal  X-ray  detector,  tested  suc- 
cessfully in  prototype,  in  theory  can  operate 
as  a  spectrometer  that  provides  100  times 
the  spectral  resolution  of  conventional 
solid-state  detectors,  with  high  efficiency 
from  100  eV  to  9  keV.  It  could  be  used  to 
detect  trace  constituents  in  materials  by 
X-ray  fluorescence  It  also  could  be  used 
for  measuring  the  energies  of  energetic 
electrons  and  weak  pulses  of  light. 

The  figure  shows  a  version  of  the  de- 
tector, which  consists  of  an  X-ray  absorb- 
er, a  temperature  sensor  in  the  absorber, 
and  a  thermal  link  from  the  absorber  to  a 
heat  sink.  An  X-ray  photon  is  detected  by 
measuring  the  temperature  rise  immedi- 
ately following  the  absorption  of  the 
photon. 

The  temperature  rise  is  approximately 
AT  =  U/C,  where  U  is  the  X-ray  energy 
and  C  is  the  detector  heat  capacity.  If  the 
thermal  conductance  of  the  thermal  link 
equals  G,  then  the  detector  element  decays 
back  toward  the  heat-sink  temperature  ex- 
ponentially with  a  time  constant  t  =  C/G. 

In  a  practical  detector,  the  time  con- 
stant of  the  output  pulse  is  changed  by 
electrothermal  feedback  from  t  to  an  ef- 
fective time  constant  -re.  Therefore  in  the 
time  domain  an  impulse  of  absorbed  en- 
ergy U  at  time  t  =  0  produces  a  decaying 
exponential  pulse  of  voltage 

V(t)  =  (US(0)/T_)exp(-t/Tj 
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SECTION  AA 


The  Thermal  X-Ray  Detector  is  made  on  a  silicon  wafer  as  an  integrated  circuit.  The  tern 
perature  sensor  is  implanted  in  the  square  absorber  in  the  middle. 


where  S(0)  is  the  detector  responsitivity  at 
zero  frequency  (measured  in  V/W).  The 

utility  of  this  device  as  a  detector  de- 
pends on  the  ability  to  measure  this  pulse 
height  accurately. 

The  fundamental  limit  to  the  sensitivity 
of  such  a  device  is  imposed  by  the  ther- 
modynamic temperature  fluctuations  of 
the  sensor.  The  rms  temperature  fluctua- 
tions can  be  written  as 

ATrms  =  (kB/C)*T 

so  that  AUrms  =  (kBC)'/2T,  where  kB  is 
Boltzman's  constant.  With  a  proper 
choice  of  materials,  adequate  X-ray  ab- 


sorption out  to  energies  of  9  keV  can  be 
achieved  while  maintaining  sufficiently 
low  heat  capacity  to  offer  good  spectral 
resolution  (AU  <  5  eV  full  width  at  half 
maximum).  To  achieve  the  excellent  reso- 
lution offered  by  this  technique,  the  de- 
vices must  be  cooled  to  less  than  0.3  K. 
The  device  shown  in  the  figure  in- 
cludes a  silicon  photon-absorbing  ele- 
ment, a  semiconductor  on  the  insulating 
side  of  the  metal/insulator  transition  to 
sense  the  absorber  temperatures,  and 
etched  silicon  filaments  at  the  corners  as 
the  thermal  link  from  the  absorber  to  the 
heat  sink.  Many  alternative  designs  are 
possible. 


In  laboratory  tests,  devices  of  this  type 
exhibited  a  resolution  of  130  eV  full  width 
at  half  maximum  at  6  keV  photon  energy 
This  is  better  than  the  155  eV,  which  is  the 
best  achieved  using  solid-state  detectors 
at  this  energy.  These  results  were  ob- 
tained with  a  detector  of  relatively  high 
heat  capacity  operating  at  0  3  K  and  are 
in  good  agreement  with  theory:  The  impli- 
cation is  that  devices  of  lower  heat  ca- 
pacity operating  at  0.1  K  wiil  come  near 
the  theoretical  predictions 

This  work  was  done  by  S.  Harvey 
Moseley  of  Goddard  Space  Flight  Cen- 
ter. GSC-12953  /F/V 
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Characterization  of  In  Situ  Oil  Shale  Retorts 
Prior  to  Ignition 

This  technical  note  describes  an  invention  resulting  from  a  contract  between 
the  US   Department  of  Energy  and  Western  Research  Institute 
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A  technical  note 
from  your  energy 
information  center 


A  method  and  system  have  been  de- 
vised to  economically  provide  data  for 
detailed  characterization  of  in  situ  oil 
shale  retorts  before  a  burn  to  ensure  suc- 
cessful commercial  large-scale  operation 
of  such  retorts  and  processes  for  the  ex- 
traction of  shale  oil. 

There  are  various  schemes  used  to 
characterize  an  in  situ  retort  These 
schemes  relate  to  characterization  during 
and  prior  to  burning  None  of  these  ex- 
isting schemes,  however,  are  economi- 
cally suitable  for  commercial  scale  re- 
torting 

Although  the  previously  indicated 
schemes  provide  characterization  of  in 
situ  retorts  before  and  during  a  burn. 
there  exists  a  need  for  a  more  detailed 
characterization  of  such  retorts  prior  to 
a  burn  to  ensure  successful  large-scale 
operations  It  is  also  required,  because 
of  the  large  scale  and  number  of  retorts, 
that  such  characterizations  be  accom- 
plished by  a  means  and  method  that  is 
economically  practical. 


The  Vertical  Modified  In  Situ  (VMIS) 
method  of  retorting  oil  shale  is  used  in 
this  method,  and  characterization  is  ac- 
complished and  specified  for  this  meth- 
od As  described  below,  the  retort  is 
rubbled  sequentially  with  each  layer  of 
rubble  having  an  upper  level  Using  ac- 
cess holes  from  the  surface  to  the  roof 
of  the  cavity,  a  number  of  tracer  gas  re- 
lease canisters  are  installed  at  the  upper 
level  of  each  layer  prior  to  the  blasting 
that  forms  the  next  layer  Each  of  these 
units  of  tracer  gas  includes  a  receiver 
that  responds  to  a  coded  electromagnetic 
signal  to  release  gas  into  the  rubble. 
When  signaled  from  the  surface  to  re- 
lease the  specific  tracer  gas.  the  gas 
flows  to  the  outlet,  where  its  time  of  ar- 
rival is  used  to  characterize  the  retort 

(Western  Research  Institute  (formerly 
Laramie  Energy  Technology  Center/De- 
partment of  Energy)  conducts  research 
as  a  nonprofit  corporation  Services  are 
available  to  private  industry  ] 


FOR  ADDITIONAL 
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US  Patent  4.460.218 
Order  from 

Commissioner  of  Patents 
Washington.  DC  2023  1 

For  licensing  information,  contact: 

Office  of  Assistant  General  Counsel  for  Patents 
U.  S  Department  of  Energy 
Washington.  DC  20585 


For  additional  information,  contact 

Dennis  F  Moore  or  Thomas  F   Turner 
Western  Research  Institute 
P.O.  Box  3395.  University  Station 
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Telephone  No    (307)  72  1  -2294 


NTIS  Tech  Notes  Noveiber  86 


11'5 


energygram 


Measured  Performance  of  Energy-Efficient 
Commercial  Buildings 

This  technical  note  was  based  on  research  conducted  by  Lawrence 
Berkeley  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86/008 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


Lawrence  Berkeley 
Laboratory 


Researchers  have  compiled  and  ana- 
lyzed energy  performance  data  for  152 
new,  energy-efficient  commercial  build- 
ings. 

The  study  represents  an  extensive  and 
continuing  data  collection  effort  based 
on  actual  measured  data  for  commercial 
buildings  designed  to  be  energy-efficient. 

The  Buildings  Energy-Use  Compilation 
and  Analysis  (BECA)  data  base  for  new 
commercial  buildings  (part  CN)  consists 
of  136  buildings  in  the  United  States  and 
16  foreign  (mostly  Canadian)  buildings. 
Office  buildings  (68%)  and  educational 
buildings  (14%)  are  the  principal  building 
types  in  the  study.  The  buildings  are  lo- 
cated throughout  the  nation  and  tend  to 
be  larger  than  average  (70%  are  over 
50.000  ft2).  Many  of  the  buildings  are 
award  winners  or  were  low-energy  dem- 
onstration projects.  Nineteen  winners 
in  the  ASHRAE  Energy  Awards  Program 
are  included  in  the  data  base. 

The  report  notes  that  conservation  fea- 
tures, such  as  energy  management  and 
control  systems,  economizers,  and  heat- 
recovery  systems,  are  common  and  are 


becoming  standard  equipment  for  many 
'arge  commercial  buildings.  Over  40%  in- 
corporate some  daylighting  strategies, 
which  are  more  common  in  smaller  build- 
ings. 

Annual  energy-use  intensities  range 
from  11  to  1  34  kBtu/ft2-year  with  an  av- 
erage of  66  kBtu/ft2-year  for  the  office 
buildings.  The  observed  range  of  inten- 
sities is  difficult  to  explain  with  annual 
whole-building  energy  data  alone.  Energy 
use  measured  by  end  uses  (i.e..  particular 
systems,  such  as  lighting  or  heating)  is 
needed  for  a  better  understanding.  Pre- 
dicted energy  consumption,  available  for 
33  buildings,  shows  that  two-thirds  of  the 
buildings  used  more  energy  than  pre- 
dicted. Differences  in  occupancy,  oper- 
ating, and  weather  conditions  often 
account  for  the  difference  between  pre- 
dicted and  actual  energy  intensities. 

Future  work  will  include  compiling 
more  data  on  additional  buildings,  sub- 
metered  energy  by  end  use.  electric  peak 
demand,  and  operating  conditions  and 
improving  baseline  data  for  comparison. 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
Mary  Ann  Piette 
Buildings  Energy  Data  Group 
Lawrence  Berkeley  Laboratory 
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Surface  Coal  Gasification— Systems 
Engineering  Concepts 

This  technical  note  was  based  on  an  Application  Assessment  Record  from  the 
Morgantown  Energy  Technology  Center.  Office  of  Fossil  Energy,  for  the  U.S. 
Department  of  Energy. 


DOE/T1C/EG-86/045 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFOR'  ' 'TION 


fflECC 

Morgantown  Energy 
Technology  Center 


Technology  Description.  This  program 
includes  the  development  of  gasifier  sys- 
tems and  components  for  commercial 
processes  that  convert  coal  to  gas.  The 
goal  is  to  develop  a  sound,  generic-re- 
search and  development-engineering 
data  base  for  converting  coals  to  gaseous 
products.  This  will  enable  industry  to  eval- 
uate, develop,  and  demonstrate  the  com- 
mercial potential  of  advanced  synfuel 
technology.  It  will  also  assist  industry  in 
lowering  the  technical  and  economic 
risks  for  subsequent  scale-up  to  demon- 
stration and  commercial  scales.  The  ob- 
jectives are  to  enhance  the  gasification 
technology  data  base  by  entering  and 
evaluating  actual  engineering  and  per- 
formance data  from  gasifier  systems.  Ad- 
ditionally, promising  long-range,  high-risk 
gasification  concepts  will  be  identified 
and  developed  through  the  proof-of-con- 
cept  stage.  Emphasis  will  be  placed  on 
new  concepts  that  will  be  capable  of 
achieving  higher  overall  process  efficien- 
cies at  lower  costs  than  existing  com- 
mercial synfuel  technologies. 

In  addition,  equipment,  instruments, 
and  materials  will  be  developed  to  meet 
the  requirements  for  advanced  gasifica- 
tion processes  and  to  improve  the  reli- 
ability and  reduce  the  cost  of  equipment 
and  subsystems  for  near-term  processes. 

Significant  FY  85  accomplishments  in- 
clude: (1)  initiated  a  test  program  to 
study  energy  recovery  from  coal  waste 
using   mild  gasification   (UCC   Research 


Corporation);  (2)  concluded  operation 
and  shutdown  of  the  high-rate,  dry-feed, 
entrained-flow  gasifier  for  synthesis  gas 
production  (Mountain  Fuel  Resources); 
(3)  continued  tests  to  study  in-bed  sulfur 
removal  efficiencies  m  a  fluidized-bed  gas- 
ifier (KRW  Energy  Systems.  Inc.);  (4)  dem- 
onstrated gasification  of  highly  swelling 
coal  in  an  unstirred  system  and  a  high 
degree  of  gasifier  sulfur  capture  (Sam- 
tech.  Inc.);  (5)  completed  the  test  pro- 
gram to  study  reactor  chemistry  of  flash 
hydrogasification  for  substitute  natural 
gas  production  (Rockwell  International); 
and  (6)  continued  development  work  to 
upgrade  process  equipment,  materials, 
and  control  instrumentation. 

Why  Is  This  Better  Than  Existing  Tech- 
nology? Studying  gasifier  systems  will  pro- 
vide a  data  base  and  will  lower  risks  for 
eventual  commercialization  of  the  pro- 
cesses. Equipment,  instrument,  and  mate- 
rial problems  will  be  solved  to  provide 
improvements  over  state-of-the-art  sys- 
tems and  to  lower  costs.  Overall,  this  pro- 
gram will  offer  improvements  to  existing 
processes  as  well  as  new  concepts  for 
use  by  industry. 

Stage  of  Development.  This  process  de- 
velopment work  provides  proof-of-con- 
cept  testing. 

Potential  Uses  and  Spinoffs.  Informa- 
tion will  be  applicable  to  coal  liquefaction 
programs  and  proven  coal  gasification 
technology 


FOR  ADDITIONAL 
INFORMATION 


DOE  reportls) 

Morgantown  Energy  Technology  Center 
Surface  Coal  Gasification  Topical  Report 
Report  number  DOE/METC/SP-201  /NAB 
Order  number  DE84003048/NAB 
Price:  $11  95 

Morgantown  Energy  Technology  Center 
Fixed-Bed  Gasification  Topical  Report 
Report  number  DOE/METC/SP-195/NAB 
Order  number  DE830 11811  /NAB 
Price  $9  95 


Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 

For  additional  information,  contact 
Madhav  R  Ghate 

Morgantown  Energy  Technology  Center 
P  0  Box  880 

Morgantown.  WV  26507-0880 
Telephone  No    (304)  291-4161 
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Multikilowatf  Bipolar  Nickel/Hydrogi 

High  energy  densities  appear  feasible. 


Iter 


A  nickel/hydrogen  battery  utilizing  a 
bipolar  construction  in  a  common  pres- 
sure vessel,  which  addresses  the  needs 
tor  multikilowatt  storage  for  low-Earth- 
orbit  applications,  has  been  designed  and 
a  10-cell  prototype  model  tested.  The 
modular-concept-design  35-kW  battery 
projected  energy  densities  of  20  to  24 
Wh/lb  (160  to  190  kj/kg)  and  700  to  900 
Wh/ft3  (90  to  110  MJ/m3)  and  incor- 
porated significant  improvements  over 
state-of-the-art  storage  systems. 

Results  of  low-Earth-orbit  multikilowatt- 
mission  studies  have  indicated  a  need  for 
electrochemical  storage  subsystems  that 
will  be  quite  different  from  those  in  cur- 
rent use  The  general  trend  for  the  multi- 
kilowatt  application  is  toward  higher  cell 
capacity  and  higher  battery  voltage.  It  is 
generally  conceded  that  the  nickel/hydro- 
gen system  would  represent  the  best 
candidate  for  scaleup  from  its  current 
size  of  from  30  to  50  Ah  to  a  size  more 
compatible  with  the  multikilowatt  mis- 
sions. 

An  advanced  configuration  for  the 
nickel/hydrogen  system  that  fulfills  the  re- 
quirements of  future  multikilowatt  low- 
Earth-orbit  missions  was  designed  The 
result  was  a  complete  battery  system 
thai  incorporated  active  cooling  for  ther- 
mal control,  an  improved  oxygen-recom- 
bination method,  and  pore-size  engineer- 
ing to  facilitate  electrolyte  management. 
The  individual  cells  are  constructed  in  a 
bipolar  manner  and  are  contained  within 
a  common  pressure  vessel.  The  cell 
stack  resembles  that  of  a  fuel  cell  where 


only  one  electrode  pair  is  housed  in  each 
cell  compartment.  Thus,  the  electrode/ 
battery  ampere-hour  capacity  is  a  func- 
tion of  the  electrode  dimensions 

Active  cooling  is  accomplished  by  a  liq- 
uid coolant  or  other  suitable  means.  The 
battery  power  output  was  designed  to 

supply  35  kW  for  a  35-min  eclipse.  This 
was  accomplished  with  a  130-Ah,  275-V 
battery  supplying  130  A  The  high-vol- 
tage/low-current combination  minimizes 
distribution  losses  and  the  weight  of  ter- 
minals, connectors,  and  current-carrying 
conductors  —  a  major  consideration  for 
high-power  systems.  The  high-voltage/ 
low-current  system  is  ideal  for  a  bipolar 
design  since  the  total  cell  capacity  is  in  a 
single  electrode  plate,  and  current  den- 
sities must  be  kept  within  reasonable 
limits  for  optimum  performance. 

There  are  some  surprising  and  signifi- 
cant results  of  this  design  regarding 
energy  densities  and  projected  cost.  The 
gravimetric  energy  density  of  this  non- 
weight-optimized  design  is  about  20 
Wh/lb  (160  kJ/kg),  a  40  to  50-percent  in- 
crease over  a  battery  comprised  of  state- 
of-the-art  individual-pressure-vessel  (IPV) 
nickel/hydrogen  cells.  Similarly,  the  vol- 
umetric energy  density  is  about  1  kWh/  ft3 
(130  MJ/m3),  a  threefold  to  fourfold  im- 
provement over  an  IPV  battery. 

The  bipolar  design  is  especially  attrac- 
tive when  looking  at  cost  and  system  in- 
tegration. With  the  bipolar  design,  there  is 
only  one  stack  and  vessel;  whereas  about 
450  state-of-the-art  IPV  cells  are  needed 
in  series/parallel  combination  to  match 


the  35-kW  power  requirements 

Two  10-cell,  6.5-Ah  batteries  based  on 
the  design  were  fabricated  and  tested 
The  test  results  of  these  first  bipolar  bat- 
teries are  very  encouraging  A  total  of 
4,000  cycles  at  80-percent  depth-of-dis- 
charge  has  been  obtained.  A  cycle-life 
goal  of  30,000  cycles  at  lesser  depth-of- 
discharge  (50  percent)  appears  achiev- 
able with  minor  design  changes 

The  discharge-rate  capability  of  this 
design  exceeds  20  C  At  the  10-C  dis- 
charge rate,  80  percent  of  the  battery 
capacity  can  be  withdrawn  in  6  mm  Low- 
polarization  voltages  that  result  in  cyclic 
watt-hour  efficiency  of  75  to  80  percent 
have  been  demonstrated  This  demon- 
stration indicates  that  a  high-voltage 
bipolar  battery  within  a  common  pressure 
vessel  makes  an  ideal  building  block  for 
such  large,  advanced  energy-storage 
systems  as  the  space  station. 

This  work  was  done  by  the  Elec- 
trochemistry Branch  of  Lewis  Research 
Center.  Further  information  may  be 
found  in  NASA  TM-82844  [N82-24647/ 
NSP],  "Design  of  a  35  kilowatt  Bipolar 
Nickel-Hydrogen  Battery  for  Low  Earth 
Orbit  Applications. ' '  [AQ2] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No  (703)  487-4650. 
LEW-14244/TN 
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Sunlight  Simulator  for  Photovoltaic  Testing 

A  flashlamp  array  and  a  filter  provide 
spectral  irradiance  resembling  that  of  sunlight. 


Light  with  normalized  spectral  irra- 
diance resembling  that  of  airmass  1.5 
sunlight  striking  the  surface  of  the  Earth  is 
produced  by  use  of  an  ultraviolet  filter  to 
modify  the  output  of  a  set  of  flashlamps 
used  as  a  large-area  pulsed  solar  simula- 
tor (LAPSS).  This  filtered  LAPSS  light 
allows  more  realistic  measurements  of 
the  output  of  photovoltaic  devices  when 
using  a  silicon  reference  cell  having  a  dif- 
ferent spectral  response  characteristic. 

Spectral  mismatches  between  light 
sources  can  cause  errors  in  the  meas- 
urement of  the  output  of  photovoltaic  de- 
vices. These  errors  are  large  when  the 
reference  cells  used  to  measure  light- 
source  intensities  have  spectral  re- 
sponses different  from  those  of  the  pho- 
tovoltaic devices  being  tested.  The  spec- 
trum of  the  filtered  light  is  more  realistic 
for  evaluating  such  devices,  especially 
the  new  narrow-band,  thin-film  devices. 

Measurement  errors  can  be  reduced 
to  1  percent  by  use  of  a  1-mm-thick 
Schott  GG-395  (or  equivalent)  filter  with  a 
slit  sized  to  insure  uniformity  of  illumina- 
tion at  the  target  plane  and  restore  the 
desired  intensity.  As  shown  in  the  figure, 
the  filter  reduces  the  ultraviolet  portion  of 
the  unfiltered  flashlamp  irradiance  curve, 
thus  producing  a  curve  that  averages 
well  with  the  standard  airmass  1.5  global 
curve 

For  five  wavelength  bands,  covering 
the  intervals  between  300  nm  and  1,100 
nm,  the  minimum  ratio  of  normalized  irra- 
diance of  the  filtered  light  to  that  of  stan- 
dard airmass  1.5  global  light  is  0.884,  and 
the  maximum  ratio  is  1.099.  This  is  sub- 
stantially better  than  the  ratio  range  of 


A  Filter  reduces  the  ultraviolet  portion  of 
the  unfiltered  flashlamp  spectral  curve, 
yielding  an  irradiance  that  averages  well 
with  that  of  standard  airmass  1.5  global 
|  sunlight. 


LARGE-AREA  PULSED  SOLAR  SIMULATOR  WITH  FILTER 
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0.75  to  1.25  allowed  for  a  Class  A  solar 
simulator. 

The  performance  of  the  filtered  LAPSS 
is  also  better  than  that  of  a  Class  A  simu- 
lator in  several  other  regards.  The  nonuni- 
formity  of  total  irradiance  is  within  1  per- 
cent, vs.  2  percent  for  a  Class  A  simulator. 
The  total  irradiance  within  a  30  °  field  of 


view  is  greater  than  99  percent,  vs.  95 
percent  for  the  Class  A  unit.  Finally,  the 
temporal  instability  of  irradiance  is  within 
1  percent,  vs.  2  percent  for  the  Class  A 
unit.  There  has  been  no  detectable 
change  in  the  spectral  transmission  of 
the  filter  after  10,000  flashes  during  10 
months. 


This  work  was  done  by  Robert  L 
Mueller  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  For  further  informa- 
tion, Circle  17  on  the  TSP  Request  Card. 
NPO-16696  /T.N 


FOR   ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Reliability  Research  for 
Photovoltaic  Modules 


Problems  of  reliability  analysis 
are  described. 

A  report  describes  the  research  ap- 
proach used  to  improve  the  reliability  of 
photovoltaic  modules.  The  research  is 
aimed  at  raising  the  useful  module  life- 
time to  20  to  30  years. 

The  first  research  task  is  to  identify  the 
principal  degradation  mechanisms.  This 
requires  the  documentation  of  failures  in 
service  and  in  laboratory  accelerated- 
aging  tests.  Thus  far,  experience  has 
shown  that  increased  temperature  is  the 
most  reliable  aging  accelerator. 

The  next  task  is  to  establish  reliability 
goals  specific  to  each  degradation  mech- 
anism. This  requires  quantification  of  the 
economic  importance,  at  the  system 
level,  of  each  failure  or  instance  of  degra- 
dation. Included  in  this  analysis  are  the 
power  loss  due  to  encapsulant  soiling, 
oen-  or  short-circuit  failures  of  individual 
ells,  statistical  and  economic  properties 
of  circuit  redundancy,  and  the  effects  of 
these  and  other  features  on  the  life-cycle 
cost  per  unit  of  energy.  For  example,  one 
analysis  of  13  failure  mechanisms  in  a 
module  with  a  30-year  design  life  chose 
component  reliability  goals  such  that  the 
cost  of  energy  would  be  20  percent 


higher  than  it  would  be  if  the  system  were 
to  have  no  failures. 

To  achieve  the  quantitative  reliability 
goals,  it  is  necessary  to  measure  the  de- 
pendencies of  the  degradation  or  failure 
rates  on  the  parameters  of  operating 
stresses,  component  designs,  and  manu- 
facturing processes.  This  is  a  compli- 
cated problem  requiring  detailed  physical 
and  chemical  studies  and  statistical  anal- 
yses of  failure-test  data. 

Degradation  prediction  involves  the 
application  of  the  parametric  dependen- 
cies to  mathematical  models  of  the  time 
histories  of  applied  stresses.  For  exam- 
ple, a  simplified  characterization  of  the 
daily  thermal  cycling  coupled  with  a 
knowledge  of  the  thermal-expansion  and 
fatigue  characteristics  of  a  module  would 
enable  a  prediction  of  the  time  to  fatigue 
failure  of  one  of  the  metal  interconnec- 
tions or  a  calculation  of  the  accelerating 
factor  of  a  thermal-cycling  test. 

The  development  of  cost-effective  so- 
lutions to  the  module-lifetime  problem  re- 
quires compromises  between  degradation 
rates,  failure  rates,  and  lifetimes,  on  one 
hand,  and  the  costs  of  initial  manufac- 


ture,maintenance,  and  lost  energy  on  tne 
other  hand  Life-cycle  costing  integrates 
the  disparate  economic  terms.  allowing 
cost  effectiveness  to  be  quantified,  there- 
by allowing  the  comparison  of  different 
design  alternatives.  The  system  design 
may  evolve  somewhat  from  the  original 
concept  as  the  designer  iteratively  fo- 
cuses in  on  the  cost-optimum  solution  An 
important  consideration  is  to  minimize 
the  sensitivity  of  the  system  life  and  cost 
to  processing  variations  and  design 
uncertainties 

The  last  step  in  the  reliability  program 
is  extensive  testing  of  the  product  By  the 
end  of  the  program,  data  with  quantitative 
correlations  to  field  applications  should 
be  available  The  testing  must  be  realis- 
tic, including  likely  interactions  with 
users'  equipment  under  adverse  field 
conditions. 

This  work  was  done  by  Ronald  G 
Ross,  Jr.,  of  Calfech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  "Reliability  Research 
Toward  30-Year -Life  Photovoltaic 
Modules, "  NPO -16595  /TN 
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Conceptual  Capital  Cost  Estimates 
for  Nuclear  or  Coal-Fired  Power  Plants 


Computer 
Software 
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This  technical  note  was  based  on  a  software  package  developed  by  Oak  Ridge 
National  Laboratory  for  the  U.S.  Department  of  Energy  and  available  at  the 
National  Energy  Software  Center. 


©ml 

Oak  Ridge  National 
Laboratory 


The  CONCEPT  computer  code  system 
was  developed  to  provide  conceptual 
cost  estimates  for  nuclear  and  coal-fired 
power  plants.  Cost  estimates  can  be 
made  as  a  function  of  plant  type,  size, 
location,  and  date  of  initial  operation. 

The  output  includes  a  detailed  break- 
down of  the  estimate  into  direct  and  in- 
direct costs  similar  to  the  accounting 
system  described  in  document  "NUS- 
531  "  Cost  models  are  provided  in  CON- 
CEPTS for  single-unit  coal-fired  plants, 
pressunzed-water  reactors,  boiling-water 
reactors,  hquid-metal-cooled  reactors, 
and  multi-unit  coal-fired  plants  on  the  ba- 
sis of  today's  average  or  best  operating 
experience.  This  edition  of  the  software 
package  contains  historical  factory  equip- 
ment cost  data  for  the  generation  of  cost 
indices  and  escalation  rates.  Indirect 
costs  are  calculated  as  a  function  of  unit 
size  rather  than  as  a  function  of  direct 
costs,  and  an  indirect  cost  account  for 


owner's  cost  and  an  improved  time-de- 
pendent escalation  feature  is  included. 
CONCEPT  utilizes  execution-time  NAME- 
LIST  variations  of  stored  constants,  print- 
er plotting  of  cash-flow  curves,  and 
numerous  output  and  solution  options. 

CONCEPT  5  is  written  in  FORTRAN  IV 
(98%)  and  Assembly  language  (2%) 
(IBM3033)  and  FORTRAN  IV  (UNIVAC 
1108).  The  program  uses  the  MVS 
(IBM3033).  VM/CMS  (IBM4331).  and 
EXEC8  (UNIVAC  1108)  operating  sys- 
tems. Machine  requirements  include: 
Less  than  270K  bytes,  four  scratch  files, 
two  support  files,  and  the  standard  I/O 
units  for  C0NCEPT5.  1 50K  bytes,  one 
scratch  disk  or  tape,  two  support  tapes, 
and  the  standard  I/O  units  are  needed 
for  CONCEPT3.  Typical  running  time  to 
achieve  a  single  cost  estimate  for 
C0NCEPT5  or  CONCEPT3  is  less  than  1 
minute.  (References  1-7  are  included 
with  the  software  package.) 


REFERENCES 


DOE  reponls) 

(1)  CONCEPT  5  Users  Manual.  January  1979.  with 
Addendum.  June  26.  1980.  Revised  February  1985 
Report  number  ORNL-5470/NAB 

Price  $16  95 

(2)  CONCEPT -Computerized  Conceptual  Cost  Estimates 
lor  Steam-Electnc  Power  Plants— Phase  II  Users 
Manual.  April  1973.  as  amended  by  CONCEPT  User  s 
Memoranda  1  -4.  April-June  1973 

Report  number  0RNL-4809/NAB 
Price  S3  00 


Other  reference(s) 

(3)  C0NCEPT5  Tape  Description  and  User 
Information. 

Report  number:  NESC  Note  85-  70 
Order  number  NESC  No.  498  3033 

(4)  CONCEPT  III  Supplemental  Users  Instructions.  ORNL 
Note. 

15)  CONCEPT  Users  Memo  No  6 

16)  CONCEPT  Users  Memo  No  8 
(7)  CONCEPT  User  s  Memo  No  9 

References  1  -2  are  available  separately  from  NTIS  See 
order  information  below 


ORDER 
INFORMATION 


This  software  package  (DE83048498/NAB)  can  be 
purchased  for  $  1  700  (North  American  Price)  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  (NESC 
No  498)  directly  or  by  subscription  from 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No    (312)  972-7250  (Comm) 
972-7250  (FTS) 
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Software  Assesses  Risk  from  Potential 
Accidents  at  Nuclear  Power  Plants 


Computer 
Software 


DOE/TIC/EG-86/019 
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This  technical  note  was  based  on  a  software  package  developed  by  Sandia 
National  Laboratories  for  the  U.S.  Department  of  Energy  and  available 
at  the  National  Energy  Software  Center. 


m 


Sandia  National 
Laboratories 
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"CRAC2"  is  a  revision  of  a  program 
developed  in  support  of  the  Reactor 
Safety  Study,  WASH-1400,  to  assess 
the  risk  from  potential  accidents  at  nu- 
clear power  plants.  The  revised  software 
reflects  the  need  for  more  realistic  con- 
sequence estimation  techniques  for  such 
purposes  as  site  evaluation,  emergency 
planning  and  response,  and  general  risk 
assessment.  The  program  also  includes 
modifications  of  the  atmospheric  disper- 
sion model  and  introduces  a  new  me- 
teorological sampling  technique,  a  new 
evacuation  model,  and  additional  output 
capabilities. 

The  revised  program:  (1)  models  the 
meteorological  dispersion  of  the  cloud  of 
radioactive  material.  (2)  determines 
health  effects  of  the  material  on  the  sur- 
rounding population;  and  (3)  estimates 


the  costs  to  the  public  from  the  accident 
Detailed  meteorological,  population,  eco- 
nomic, and  health  data  are  included 
Emergency  planning  procedures,  such  as 
evacuation,  are  modeled. 

CRAC2  is  written  in  FORTRAN  IV  and 
uses  the  OS/MVT  (IBM370)  and  SCOPE 
2  1 .5  (CDC7600)  operating  systems  Ma- 
chine reguirements  include:  160.000  foe- 
tal) words  of  SCM  and  151.000  (octal) 
words  of  LCM  (CDC  systems).  During  test- 
ing. NESC  used  326.000  (octal)  words 
of  memory  on  the  CDC7600  and  840K 
bytes  of  memory  on  the  IBM370/195. 
CRAC2  also  requires  direct  access  stor- 
age for  3  catalogued  files,  a  minimum  of 
25  temporary,  or  scratch,  files,  and  a  line 
printer  capable  of  printing  1  38-character 
records  (References  1-2  and  4-5  are  in- 
cluded with  the  software  package  ) 


REFERENCES 


DOE  repon(s) 

(1)  Calculations  of  Reactor  Accident  Consequences 

Version  2  CRAC  Computer  Code  Users  Guide 

Report  number  NUREG/ CR-2326 INAB 

Order  number-  DE830 1 01 67 /NAB 

Price  S20  50 
12)  CRAC 2  Model  Description 

Report  number  NUREGI CR-2552 /NAB 

Order  number  DE8401 0557 /NAB 

Price  S1 1  95 
13 j  US  Nuclear  Regulatory  Commission.  Reactor  Safety 

Study.  WASH- 1400  Appendix  VI  Calculation  of 

Reactor  Accident  Consequences. 

Report  number  WASH-1400  (App  6)/NAB 

Price  $12  00 


Other  reterencels) 

(4)  CRAC2  Edition  B  IBM  Version  Tape  Description  ana 

Implementation  Information 

Report  number  NESC  Note  84-58 

Order  number  NESC  No.  722  37 0B 
15)  CRAC 2  Edition  B  CDC  Version  Tape  Description  ana 

Implementation  Information 

Report  number  NESC  Note  84-59 

Order  number  NESC  No   722  7600B 

References  1-3  are  available  separately  from  NTlS  See 
order  information  below 


ORDER 
INFORMATION 


This  software  package  (DE830487 '22 / NAB)  can  be 
purchased  tor  $1770  (North  American  Price)  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springtield.  VA  22161 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  iNESC 
No   722)  directly  or  by  subscription  from 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9  700  South  Cass  Avenue 

Argonne.  IL  60439 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No    (312)  972-  7250  (Comm  ) 
972-7250  (FTS I 
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AC  Pressurization:  Measuring  Leakage 
Area  in  Residential  Buildings 

This  technical  note  was  based  on  research  conducted  by  Lawrence 
Berkeley  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86/006 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 
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Lawrence  Berkeley 
Laboratory 


AC  pressurization,  a  new  technique 
for  measuring  the  leakage  area  of  res- 
idential buildings,  is  designed  to  over- 
come most  of  the  shortcomings  of  fan 
pressurization,  the  conventional  tech- 
nique, for  such  measurements. 

The  researchers  say  a  fan  pressuriza- 
tion test  measures  the  relationship  be- 
tween steady-state  pressure  differences 
across  a  building  envelope  and  the  re- 
sulting flows  through  the  envelope.  The 
most  common  device  used  for  making 
the  tests  is  the  blower  door,  which  con- 
sists of  a  variable-speed  fan  mounted  in 
the  doorway  of  the  building,  a  device  to 
measure  the  flow  rate  through  the  fan. 
and  a  differential  pressure  gauge  for 
measuring  the  pressure  drop  across  the 
building  envelope. 

The  researchers  state  that  this  method 
has  large  measurement  uncertainty  at  low 
pressures,  and  this  lack  of  precision  is  a 
major  disadvantage  of  the  fan  pressuri- 
zation technique. 

AC  pressurization  differs  from  fan  (or 
DC)  pressurization  in  that  it  creates  a  pe- 
riodic pressure  difference  across  the 
building  envelope  that  can  be  distin- 
guished from  naturally  occurring  pres- 
sure fluctuations. 

The  AC  pressurization  apparatus  in- 
cludes components  that  perform  four 
basic  functions:  (1 )  house  volume  modu- 
lation (presently  achieved  with  piston 
mounted  in  doorway  and  driven  by  a  vari- 
able speed  motor);  (2)  displacement  mon- 
itoring; (3)  pressure  measurement;  and 
(4)  analysis/control.  Several  options  for 
accomplishing  each  of  these  functions 
have  been  investigated.  Depending  on 
the  application,  several  combinations  of 


these  options  can  be  used  to  build  a  work- 
ing device. 

The  researchers'  paper  presents  both 
the  theory  behind  AC  pressurization  and 
experimental  results  in  considerable  detail. 
A  field  test  prototype  was  built  and  was 
used  to  perform  AC  pressurization  tests 
in  six  houses  in  the  San  Francisco  Bay 
area.  The  houses,  which  differ  in  size, 
age.  and  airtightness.  were  chosen  to  rep- 
resent a  cross  section  of  the  houses 
whose  airtightness  is  normally  tested  by 
DC  pressurization. 

Measurements  obtained  by  DC  pressur- 
ization and  AC  pressurization  agreed  rea- 
sonably well.  The  researchers  conclude 
that  the  AC  technique  represents  the  first 
major  advance  in  the  technology  for 
measuring   whole-house   leakage. 

However,  there  are  several  tasks  that 
the  DC  pressurization  performs  better 
than  the  AC  system,  such  as  leak  detec- 
tion. On  the  other  hand,  a  commercial 
version  of  the  prototype  system  would 
have  several  important  advantages,  such 
as  real-time  leakage  measurement,  and 
would  be  inherently  more  accurate  than 
fan  pressurization. 

Future  work  is  needed  to  enhance 
wide-scale  use  and  should  focus  on  un- 
derstanding the  limitations  of  the  size  of 
the  leaks  that  can  be  measured,  the  sen- 
sitivity of  the  results  to  the  choice  of  fre- 
quency, and  the  quantitative  effects  of 
weather  on  the  measurements. 

Although  the  device  used  for  the  field 
measurements  is  both  portable  and  ef- 
fective, the  researchers  say  further  de- 
velopment is  necessary  before  the  device 
can  be  manufactured  commercially. 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
Mark  P.  Modera 

Energy  Efficient  Buildings  Program 
Applied  Science  Division 
Lawrence  Berkeley  Laboratory 
Berkeley.  CA  94720 
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1 1 84  Predicting  Gas-Turbine  CombustionProcesses — Advanced  analytical  tools 
for  engine  design  are  under  development 

1 185  Safety  Practices  and  Training  fortheExplosives  Field — A  report 
summarizes  explosives  safety  practices  at  a  variety  of  installations 

1 186  Fracture  Testing  with  Arc-BendSpeciments — Both  arc-support  and  chord- 
support  geometries  were  used  in  toughness  measurement 

1 1 87  Microprocessor  Control  of  Recoil — Processor  chip  would  ensure  uniform 
response  to  recoil  forces  and  a  constant  retarding  force 

1188  Intrinsically  Irreversible  Heat  Engine 

1 189  Seasonal  Storage  of  Moisture  in  Roof  Sheathing 

1191  Elevator  Safety  System  Developed 

1192  Parallel-End-Point  Drafting  Compass — A  parallelogram  linkage  ensures 
greater  accuracy  in  drafting  and  scribing 

1 1 93  Evaluation  of  Mathematical  Turbulence  Models — Simplified  models  for 
internal  flow  are  described,  and  their  predictions  are  compared  with 
experimental  results 

1 1 94  Correcting  for  Supports  in  Structural  Dynamic  Testing — Testing  under  a 
variety  of  support  conditions  is  combined  with  computer  analysis  to  update 
mathematical  modelsto  match  test  data 

1 1 95  Pump  for  Saturated  Liquids— Boiling  liquids  would  be  pumped  by  a  device 
based  on  proven  components 

1 1 96  Ignition  System  for  Gaseous  Propellants — A  spark  plug  in  a  fuel-injection 
manifold  resists  corrosion  and  allows  eff icent  combustor  cooling 

1 197  Finite-Element  Fracture  Analysis  of  Pins  and  Bolts — Stress  intensities  are 
calculated  in  bending  and  tension 

1 1 98  Theory  and  Test  of  Two-Phase  Turbines— New  turbines  open  the 
possibility  of  new  types  of  power  cycles 

1 1 99  Variable  Control  Port  for  Fluidic  Control  Device — The  volume  and  velocity 
of  the  control  flow  can  be  independently  adjustable 

1200  Variable-Force  Eddy-Current  Damper — Variable  damping  is  achieved 
without  the  problems  of  containing  viscous  fluids 

1201  Improved  Seal  for  NTF  Fan  Shaft — The  new  seal  is  more  effective  and  lasts 
longer 

Software 

1 190  Software  System  Solves  Nonlinear  Parabolic  Partial  Differential  Equations 
for  Flow  in  Various  Kinds  of  Potential  Flows 

1202  Structural  Analysis  Program  Determines  Static  and  Dynamic  Response  of 
Linear  Systems 

1203  Computer  Program  Evaluates  Heat  Detectors 

1204  Four-Cylinder  Stirling-Engine  Computer  Program — Both  steady-state  and 
transientsimulations  include  realistic  effects 

1205  Computing  Benefits  and  Costs  for  Propulsion  Systems — A  weight-criteria 
rating  approach  is  followed 
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Predicting  Gas-Turbine  Combustion  Processes 

Advanced  analytical  tools  for  engine  design  are  under  development. 


Improved  analytical  models  are  being 
developed  for  the  complex  flow-  and  chemical- 
reaction  processes  that  occur  in  gas-turbine 
engines.  The  work,  which  is  being  done  for  the  U.S. 
Army  Aviation  Systems  Command  Research  and 
Technology  Laboratory  and  the  National  Aero- 
nautics and  Space  Administration,  has  as  its  goal 
the  development  of  computer  programs  that  can 
be  used  by  industry  as  predictive  tools  in  engine 
design. 

The  work  is  focused  on  four  key  fields: 

1 .  Advanced  Numerics:  Projects  are  aimed  at  im- 
proving the  accuracy  of  numerical  methods 
used  in  combustor  flow  codes  and  at  reducing 
computation  time.  Frequently,  errors  can  be 
large  enough  to  obscure  turbulence  effects. 
Several  differencing  schemes  for  increasing  ac- 
curacy have  been  developed. 

2.  Fuel  Sprays:  Spray  processes  in  combustion 
chambers  have  been  too  complex  for  syste- 
matic model  development  and  evaluation  be- 
cause of  such  effects  as  spray  atomization, 
polydisperse-drop  diameter  distribution,  drop 
shattering  and  coalescence,  and  the  evapora- 
tion and  combustion  of  drops.  Work  has  been 
directed  at  solving  these  difficulties.  A  stochastic 
separated-flow  model  has  been  found  to  agree 
reasonably  well  with  measured  data. 

3.  Fluid  Mixing:  The  advent  of  high-speed  vector- 
processing  computers  has  made  possible  the 
study  of  turbulence  and  turbulence-chemistry  in- 
teractions by  means  of  computational  "experi- 
ments. ' '  The  technique  of  direct  numerical  simu- 
lation has  been  found  promising  for  these  experi- 
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Combustion  Research  has  long-range  objectives  to 
produce  predictive  numerical  codes  that  have  practical 
applications  tor  engine  manufacturers.  Although  much  work 
remains,  progress  has  been  significant. 

ments  and  is  likely  to  lead  eventually  to  improved 
closure  models  for  combustor  designers. 
4.  Radiation  Chemistry:  A  general-purpose  pro- 
gram for  solving  ordinary  differential  equations, 
LSODE,  is  currently  the  fastest  and  most  ac- 
curate for  solving  chemical  kinetic  rate  equa- 
tions. However,  it  is  not  fast  enough  for 
economical  calculations.  Efforts  are  aimed  at 
further  speeding  up  codes. 
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Safety  Practices  and  Training  for  the  Explosives  Field 

A  report  summarizes  explosives  safety  practices  at  a  variety  of  installations. 


A  report  by  the  U.S.  Army  Ballistic  Research 
Laboratory  details  various  safety  practices  and  the 
content  of  selected  training  programs  emphasized 
at  several  major  installations  involved  with  ex- 
plosives and  explosive  devices.  Supplemented  by 
a  safety  file  consisting  of  regulations,  references, 
documents,  videotapes,  and  cassettes  (all  listed  in 
an  appendix);  and  by  suggestions  for  presentation 
and  demonstrations;  this  report  can  be  used  as  the 
basis  for  a  modular  training  course. 

Each  of  the  sections  of  the  report  addresses  a 
commonly  encountered  facet  of  explosives  safety, 
including:  raw  materials;  processing,  casting; 
pressing;  compatibility  of  explosives  with  items  in 
the  environment;  clothing  and  equipment;  labora- 
tory-scale operations;  machinery;  storage,  decon- 
tamination and  disposal  of  explosives;  detonators; 
firing  shots;  sensitivity  and  explosiveness,  ac- 
cidents; and  standing  operating  procedures.  Each 
section  provides  a  variety  of  options  for  dealing 
with  the  same  problem,  both  to  reflect  existing 
diversity  of  expert  opinion  and  to  accommodate  as 
many  different  specific  needs  as  possible. 

An  example  of  the  safety  issues  discussed  in 
the  report  is  the  case  of  short-circuit-induced 
explosions  in  munitions  with  low-energy  deton- 
nators.  Shown  in  the  figure  is  the  diagram  of  a 
short-circuit  path  that  caused  an  explosion  in  an 
accidentally  ungrounded  shell  that  was  being 
heated  by  nichrome  wire  wound  over  asbestos 
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A  Parallel  Path  Hazard  led  to  an  accidental  explosion 
of  a  detonator  explosive.  A  short  circuit  between  the 
shell  and  the  nichrome  wire  of  a  heater,  coupled  with 
the  accidental  ungrounding  of  the  shell,  caused  elec- 
tricity to  flow  through  the  detonnator  explosive 

insulating  the  shell.  When  a  short  occured 
through  the  asbestos,  the  current  had  twoi 
parallel  paths:  one  through  the  detonnator  case 
to  the  lead  connection,  but  the  other,  unfor- 
tunately, through  the  detonnator  explosive. 
Project  officer  Joseph  Hershkowitz 
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Fracture  Testing  With  Arc-Bend  Specimens 

Both  arc-support  and  chord-support  geometries 
were  used  in  toughness  measurement. 


A  series  of  fracture  tests  was  conducted  by  the 
U.S.  Army  Armament  Research  and  Development 
Center  using  arc-bend  specimens  made  from  two 
hollow  cylinders.  One  specimen  was  cut  from  an 
A732  steel  forging  with  an  outer-to-inner  radius 
ratio  (r2lr-\)  of  2.5,  the  other  from  a  7075-T6 
aluminum  cylinder  with  an  outer-to-inner  radius 
ratio(r2/r1)of  1.3. 

Fracture-toughness  tests  were  performed  with 
standard  arc-tension  specimens  and  with  three- 
point  arc-bend  specimens,  with  both  arc  and  chord 
support  (see  figure).  The  arc-support  specimens 
were  best  suited  for  a  constant  value  of  relative 
span,  S/W  =  4,  and  for  r2/r-,  between  1 .0  and  1 .4, 
which  corresponds  to  angle  0  between  0  °  and  53  °. 
The  chord  support  specimens  were  best  suited  for 
r2/r1  between  1 .1  and  2.0,  with  the  relative  offset  of 
the  chordal  surface  at  a  constant  value,  Z/W  =0.1. 
Measurements  included  the  following  parameters: 
stress-intensity  factor,  crack-mouth  displacement, 
and  load-line  displacement. 

The  fracture  toughnesses  measured  by  the 
chord-support  geometry  in  the  steel  case  and  by 
both  the  arc-support  and  the  chord-support 
geometries  in  the  aluminum  case  were  found  to  be 
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These    Arc-Shaped    Fracture    Specimen    geometries 
were  used  in  toughness  measurements. 

close  to  those  for  arc-tension  tests.  With  aluminum 
specimens,  a  generally  good  agreement  was  ob- 
tained between  the  measured  and  the  calculated 
crack-mouth  and  load-line  displacements. 
Project  officer  John  H.  Underwood 
(518)  266-4183  or  AV  974-4183. 
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Microprocessor  Control  of  Recoil 

Processor  chip  would  ensure  uniform  response 
to  recoil  forces  and  a  constant  retarding  force. 


A  computer  simulation,  using  the 
SUPER* SCEPTRE  program,  has  demonstrated 
the  viability  ot  microprocessor  control  for  recoil 
mechanisms  The  microprocessor  would  control  a 
hydraulic  servo  valve,  which  would  optimize 
energy  dissipation  in  the  recoil  brake  of  the 
mechanism. 

Large  recoil  mechanisms  are  composed  of 
three  basic  components:  a  recoil  brake,  a  counter- 
recoil  mechanism,  and  a  counterrecoil  buffer.  The 
recoil  brake  provides  a  controlled  resistance  to 
recoil  by  throttling  hydraulic  fluid  through  a  variable 
orifice.  The  counterrecoil  mechanism  returns  the 
recoiling  parts  to  the  initial  position  by  storing  and 
releasing  a  portion  of  the  recoil  energy.  The 
counterrecoil  buffer  reduces  counterrecoil  velocity 
of  the  moving  parts  to  zero  through  a  hydraulic-fluid 
throttling  process  like  that  in  the  recoil  brake. 

Variations  in  maximum  impulse,  manufacturing 
tolerances  in  the  orifices,  and  variable  hydraulic- 
fluid  characteristics  all  tend  to  upset  the  ideal 
force/stroke  relationship.  The  microprocessor 
would  correct  for  such  variations. 

The  servo  valve  is  envisioned  as  a  constantly 
variable  orifice  operated  by  a  closed-loop  feedback 
system  The  study,  which  was  done  for  the  U.S. 
Army  Armament  Research  and  Development  Cen- 


=JU 


MICROPROCESSOR 


/rodpui.l 

'    recoil  position 
velocity 

\  acceleration 


HIGH    PRESSURE 


LOW 
S>1  PRESS!  IRE 


T 


DIRECTION 
"OF    RECOIL 


RECOIL 
ORIFICE 


■RECOIL    BRAKE 


A  Microprocessor-Controlled  Servo  Valve  would  be 
connected  in  parallel  to  an  existing  recoil  brake.  Data  on 
rod  pull,  distance,  velocity,  and  acceleration  would  be 
continuously  available  to  the  processor 

ter,  developed  two  control  schemes  that  could  be 
used  for  the  servo-valve  system  (see  figure).  The 
study  also  considered  novel  applications  of  micro- 
processor recoil  control. 
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Intrinsically  Irreversible  Heat  Engine 

This  technical  note  describes  an  invention  resulting  from  a  contract  between 
the  U.S.  Department  of  Energy  and  Los  Alamos  National  Laboratory. 
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An  invention  has  been  created  which 
provides  a  heat  engine  based  on  an  in- 
trinsically irreversible  heat  transfer  pro- 
cess, which  is  functionally  reversible  in 
the  sense  that  it  is  operable  as  either  a 
heat  pump  or  a  prime  mover.  Addition- 
ally, the  device  has  no  moving  seals,  is 
acoustically  driven,  and  eliminates  the 
need  for  external  mechanical  inertia)  de- 
vices, such  as  flywheels  or  compressors. 

When  employed  as  a  heat  pump,  the 
engine  includes  a  drive  mechanism  to  os- 
cillate the  first  medium  relative  to  the  sec- 
ond medium  at  a  frequency  that  is 
approximately  inversely  related  to  the  ther- 
mal relaxation  time  of  the  first  medium 
with  respect  to  the  second  medium  Such 
oscillation,  together  with  the  cyclical  vari- 
ation in  the  pressure  and  temperature  of 
the  first  medium,  results  in  the  generation 
of  a  temperature  difference,  or  a  temper- 
ature gradient  in  the  second  medium 

In  a  typical  form,  the  device  is  com- 
prised of  a  first  thermodynamic  me- 
dium— a  gas.  and  a  second  thermody- 
namic medium — a  solid  material  Thermo- 
dynamic symmetry  is  broken  by  con- 
structing the  second  medium  in  such  a 
way  that  there  is  an  abrupt  change  (in- 
crease or  decrease)  in  the  amount  of  the 
second  medium  in  contact  with  the  first 
medium  along  the  axis  of  motion  of  the 
first  medium  At  this  point,  a  thermody- 
namic effect  will  occur,  the  sign  of  the 
effect  (heating  or  cooling)  depending  on 
whether  the  amount  of  the  second  me- 
dium in  contact  with  the  first  medium  de- 
creases or  increases  in  the  direction  in 
which  the  first  medium  increases  in 
temperature  as  it  oscillates  through  the 
system 


The  heat  pump  configuration  is  com- 
prised of  a  closed  cylinder  containing  a 
gas.  a  drive  mechanism  for  alternatively 
expanding  and  compressing  the  gas  from 
one  end  of  the  cylinder  such  as  an  acous- 
tic driver,  and  a  second  medium  located 
within  the  cylinder  The  second  thermo- 
dynamic medium  has  structural  charac- 
teristics that  are  in  some  respects  similar 
to  those  of  a  thermal  regenerator 

The  second  thermodynamic  medium 
may  generally  be  defined  as  a  medium 
having  a  low  impedance  to  fluid  flow,  a 
high  thermal  resistance  in  the  direction 
of  the  fluid  flow,  a  large  surface  area-to- 
volume  ratio,  and  an  adequately  large 
combination  of  specific  heat  and  thermal 
conductivity  to  allow  it  to  absorb  heat 
from  or  reject  heat  to  the  primary  medium 
as  required 

When  the  above  prerequisites  are  met. 
the  second  thermodynamic  medium  un- 
dergoes a  pronounced  heating  at  its  end 
distant  from  the  drive  mechanism  and  un- 
dergoes a  pronounced  cooling  at  its  end 
closest  to  the  drive  mechanism.  The  heat- 
ing and  cooling  effects  observed  at  the 
opposite  ends  of  the  second  thermody- 
namic medium  can  be  utilized  by  ther- 
mally coupling  the  appropriate  ends  of 
the  second  thermodynamic  medium  to 
suitable  heat  exchangers 

The  heat  engine  can  be  utilized  as  a 
prime  mover  by  selectively  heating  and 
cooling  portions  of  the  second  medium 
to  produce  a  differential  temperature  dis- 
tribution in  the  second  medium  that  is 
steeper  than  that  obtained  when  the  en- 
gine is  utilized  as  a  heat  pump 
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Seasonal  Storage  of  Moisture  in 
Roof  Sheathing 

This  technical  note  was  based  on  research  conducted  by  Lawrence 
Berkeley  Laboratory  for  the  U.S.  Department  of  Energy. 
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Because  attics  are  not  air-conditioned, 
the  temperature  and  relative  humidity  are 
controlled  by  the  ceiling  insulation  level. 
the  living-space-to-attic  permeability,  and 
the  attic  vent  area.  Since  insulation  levels 
are  now  determined  by  energy  cost  con- 
siderations, the  attic  ventilation  and  the 
installation  of  air  barriers  between  the  liv- 
ing space  and  the  attic  are  the  primary 
means  to  control  the  humidity  in  the  attic. 

Classic  research  into  attic  moisture 
problems  tended  to  predict  instantaneous 
temperatures  at  the  underside  of  the  roof 
sheathing,  regarded  as  an  inert  medium. 
However,  recent  studies  revealed  that  the 
conditions  in  a  well-insulated  attic  vary 
considerably  from  winter  to  summer. 
Even  during  humid  cloudy  periods,  the 
attic  air  temperature  is  often  higher  than 
the  outside  air  temperature  because  of 
diffuse  solar  radiation.  These  conditions 
lead  to  seasonal  variations  in  the  wood 
moisture  content.  The  wood  members  of 
a  typical,  well-ventilated  attic  might  have 
a  moisture  content  of  7%  in  the  summer 
and  1  4%  in  mid-winter  The  total  amount 
of  water  stored  may  exceed  45  kg. 

The  presence  of  liquid  water  and  the 
occurrence  of  conditions  conducive  to 
wood   decay  in   the   attic   must   be   pre- 


vented. Both  factors  depend  on  the  mois- 
ture content  of  the  wood. 

The  daily  moisture  flow— of  the  order 
of  2  kg  per  hour— is  far  greater  than  the 
rate  of  moisture  generation  in  the  house. 
The  daily  cycles  suggest  that,  as  the  roof 
sheathing  is  warmed  by  incident  solar  ra- 
diation, water  is  removed  by  the  ventila- 
tion air. 

A  model  has  been  developed  to  predict 
the  seasonal  changes  as  the  cumulative 
result  of  hour-by-hour  flows  of  moisture 
into  and  out  of  wood.  The  model  can  be 
used  to  test  ventilation  strategies  aiming 
to  ensure  that  well-insulated  attics  do  not 
have  moisture  problems.  Further  research 
is  needed  to  predict  attic  ventilation  rates 
and  the  flow  of  air  from  the  living  space 
into  the  attic. 

The  model  may  not  be  applicable  to 
harsh  climate,  e.g..  Alaska,  with  low  win- 
ter temperatures  and  extremely  low  mois- 
ture transport  rates  within  the  wood.  It 
may  not  be  applicable  either  in  moist  cool- 
ing climates,  such  as  in  Mississippi, 
where  the  attic  is  not  dried  out  in  the 
summer.  The  model  has  been  tested  only 
for  moderate  heating  climates  (towns  in 
California  and  Wisconsin). 


FOR  ADDITIONAL 
INFORMATION 


• 


DOE  report(s): 

Seasonal  Storage  of  Moisture  in  Roof  Sheathing, 

Report  number:  LBL- 17774 /NAB 

Order  number:  DE85009957/NAB 

Price:  $9  95 
Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


For  additional  information,  contact. 
Peter  Cleary 

Applied  Science  Division 
Lawrence  Berkeley  Laboratory 
University  of  California 
Berkeley.  CA  94720 
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Software  System  Solves  Nonlinear  Parabolic 
Partial  Differential  Equations  for  Flow  in 
Various  Kinds  of  Potential  Fields 


DOE/TIC/EG-86/023 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


( 


This  technical  note  was  based  on  a  software  package  developed  by  Oak  Ridge 
National  Laboratory  for  the  U.S.  Department  of  Energy  and  available  at  the 
National  Energy  Software  Center. 


©ml 

Oak  Ridge  National 
Laboratory 


"TRUMP"  solves  a  general  nonlinear 
partial  differential  equation  describing 
flow  in  various  kinds  of  potential  fields, 
such  as  fields  of  temperature,  pressure, 
or  electricity  and  magnetism. 

Steady-state  and  transient  flow  in  one. 
two.  or  three  dimensions  are  considered 
in  geometrical  configurations  having  sim- 
ple or  complex  shapes  and  structures. 
Problem  parameters  may  vary  with  spatial 
position,  time,  or  primary  dependent  vari- 
ables—temperature, pressure,  and  field 
strength.  Initial  conditions  may  vary  with 
spatial  position.  Among  the  criteria  that 
may  be  specified  for  ending  a  problem 
are  upper  and  lower  limits  on  the  size  of 
the  primary  independent  variable,  upper 
limits  on  the  problem  time  or  on  the 
number  of  time-steps  or  on  the  computer 
time,  and  attainment  of  steady  state.  The 
package  includes  three  materials  proper- 


ties libraries,  each  of  which  contains  the 
properties  of  approximately  1000  mate- 
rials. 

TRUMP  is  written  in  FORTRAN  IV  (95%) 
and  BAL  (5%)  (IBM)  and  FORTRAN  IV 
(CDC)  It  uses  the  OS/360  (IBM360). 
OS/370  (IBM370)  SCOPE  2.1.5 
(CDC7600)  operating  systems.  Machine 
requirements  include:  400K  bytes  of  stor- 
age on  an  IBM370  and  145.100  (octal) 
words  on  a  CDC7600. 

Running  time  is  strongly  dependent  on 
the  complexity  of  the  problem.  Calcula- 
tion of  all  1  6  sample  problems  required 
approximately  205  CPU  seconds  on  an 
IBM370/195.  or  144  CP  seconds  on  a 
CDC7600  Execution  time  varies  from 
0.3  to  2  milliseconds  per  time-step  forf 
each  nodal  point  and  connection  be- 
tween nodal  points.  (References  2-4  are 
included  with  the  software  package.) 


REFERENCES 


DOE  report(s) 

(1)  FED  A  Computer  Program  to  Generate  Geometric 
Input  for  the  Heat-  Transfer  Code  TRUMP 
Report  number  UCRL-50816  (Rev  1)/NAB 

(2)  TRUMP  A  Computer  Program  for  Transient  and 
Steady-State  Temperature  Distributions  in 
Multidimensional  Systems 

Report  number  UCRL  -  I  4  7  54  (Rev  3)  I  NAB 

(3)  A  Compilation  of  Thermal  Property  Data  for  Computer 
Heat-Conduction  Calculations 

Report  number  UCRL-50589/NAB 


Other  reference(s) 

(4)  Implementation  of  the  TRUMP  Computer  Code  on  the 

I8M360  Operating  System.  UCCND  Letter  to  R.  H. 

Odegaarden.  NRC.  with  attachments 

References  I  -3  are  available  separately  from  NTIS  See 
order  information  below 


ORDER 
INFORMATION 


This  software  package  (DE8304877I I  NAB)  can  be 
purchased  for  $  1 510  (North  American  Price)  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  (NESC 
No  77 1)  directly  or  by  subscription  from: 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No    (31 2)  972-7250  (Comm  ) 
972-7250  (FTS) 
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Domestic  Technology  Transfer  Fact  Sheet 


Elevator  Safety  System  Developed 

An  elevator  safety  system  used  on  air- 
craft carrier  and  suppiy  ship  weapon  eleva- 
tors has  been  developed  by  the  Puget 
Sound  Naval  Shipyard,  Bremerton, 
Washington. 

The  safety  system  is  mounted  on  the 
elevator  platform  to  the  elevator  guide 
rails  in  the  event  of  overspeeding  or  other 
elevator  system  failures. 

The  elevator  system  is  a  four-guide 
rail  for  point  suspended  structural  weld- 
ment  that  carries  load  vertically  within  the 
elevator  trunk. 


♦ 


For  Additional  Information,  Contact: 
Navy  Domestic  Technology  Fact 

Sheet  Reader  Reply  Service 
Code  E2 11 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 
Refer  to  1 10604/TN 
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Parallel-End-Point  Drafting  Compass 

A  parallelogram  linkage  ensures  greater 
accuracy  in  drafting  and  scribing. 


A  linkage  on  a  drafting  compass  keeps 
the  pointed  compass  ends  always  in  par- 
allel, regardless  how  widely  one  opens 
up  the  compass  legs.  When  the  pointed 
ends  are  in  parallel,  distance  measure- 
ments become  more  precise  than  with 
inexpensive  compasses  or  dividers  that 
have  their  pointed  ends  extending  radial- 
ly from  the  hub.  Errors  on  these  inexpen- 
sive instruments  occur  because  the 
points  sink  into  the  paper  at  an  angle, 
and  the  more  one  opens  up  the  compass 
legs,  the  larger  the  angle  and  the  greater 
the  error.  More  expensive  compasses 
and  dividers  have  adjustable  points,  but 
these  have  to  be  set  individually  for  each 
new  radius  to  keep  the  pointed  ends  in 
parallel.  The  new  compass  employs  a 
parallelogram  linkage  between  its  ends 
and  its  hub.  The  ends  are  in  parallel 
when  the  compass  is  closed,  when  it  is 
fully  open,  and  at  all  positions  in  be- 
tween. A  pair  of  omega-shaped  springs 
secures  the  linkage  arms  in  the  position 
set  by  the  user  until  the  user  readjusts 
the  end  spacing.  The  parallelogram-link- 
age principle  can  be  used  on  dividers  as 
well  as  on  compasses. 

This  work  was  done  by  J.  A.  Cronander 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Right  Center. 
MFS-29070  KN 


The  Two  Members  of  an  Arm  of  the  com- 
pass remain  parallel  for  all  angles  the  pair 
makes  with  the  hub  axis.  They  maintain  the 
opposing  end  members  in  parallelism. 


Omega-Shaped 
Spring 


<iii;iiiiiiiiiiLLm 


Anchor 
Point 

CLOSED 


Parallel 
Arm  Members 
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Evaluation  of 
Mathematical  Turbulence 
Models 

Simplified  models  for  inter- 
nal flow  are  described,  and 
their  predictions  are  com- 
pared with  experimental 
results. 


A  report  presents  an  account  of 
various  models  used  in  the  computation 
of  turbulent  flows.  The  applications  of 
these  models  to  internal  flows  are 
evaluated  by  the  analysis  of  the  predic- 
tions of  various  turbulence  models  in 
some  important  flow  configurations. 

Internal  flows  are  complicated  and  are 
involved  in  many  practical  applications: 
These  include  flows  in  pipes,  ducts,  con- 
duits, diffusers,  and  heat  exchangers. 
Turbulence  makes  the  flow  equations 
even  more  complicated,  necessitating 
the  use  of  simplified  mathematical 
models  to  obtain  approximate  solutions. 
The  report  describes  models  of  incom- 
pressible flows  in  which  the  velocities, 
stresses,  and  other  dependent  variables 
are  separated  into  steady  (that  is,  time- 
averaged)  and  fluctuating  components. 
Some  of  the  models  also  involve  spatial 
averaging  over  such  small  regions  as 
boundary  layers  Attention  is  focused  on 
the  k-e  model  (where  k  =  the  time- 
averaged  local  density  of  the  kinetic 
energy  of  the  turbulence  and  £  =  the 
dissipation  rate  of  the  energy  of  the  tur- 
bulence). The  k-t  model  relates  the  eddy 
viscosity  to  k  and  t. 

The  main  conclusions  of  the  report  are 
as  follows: 

•  The  k-£  model  is  the  most  widely  used 
model  for  engineering  calculations  of 
internal  flows.  The  performance  of  the 
standard  k-£  model  becomes  poorer 
as  one  goes  from  attached  flow  to 
recirculating,  swirling,  and  com- 
busting flows,  in  that  order 


The  standard  k-£  model  performs 
poorly  in  the  prediction  of  apparently 
simple  flow  over  a  backwardly  facing 
step.  There  is  no  significant  improve- 
ment in  the  value  of  reattachment 
length  predicted  with  modified  near- 
wall  models.  The  algebraic  stress 
model  (a  sort  of  extended  k-£  model) 
should  be  used,  with  a  modified  k-£ 
equation. 

The  k-£  model  performance  is  rather 
poor  for  flows  with  streamline  cur- 
vature. The  algebraic  stress  model 
performs  better  for  these  flows. 
Reynolds  stress  models  (involving  ap- 
proximations of  diffusion,  viscous 
dissipation,  and  other  quantities)  have 
not  been  thoroughly  tested  for  recir- 
culating flows  and  swirling  flows.  The 
computational  effort  required  for  a 
Reynolds  stress  model  is  much 
greater  than  that  required  for  the  k-E 
model. 

For  flows  with  regions  of  secondary 
flow  (flows  in  noncircular  ducts),  the 
algebraic  stress  model  performs  fairly 
well  for  fully  developed  flow,  but  not 
for  a  developing  flow.  A  Reynolds 
stress  model  should  be  used  for  the 
developing  flow 

Many  computations  should  be  viewed 
with  caution  because  the  dependence 
of  the  solutions  on  the  coarseness  of 
the  computational  grid  has  not  been 
tested. 

The  initial  conditions  play  a  crucial 
role  in  the  performance  of  a  model 
and  the  predicted  solutions. 


•  The  TEACH  (Teaching  Elliptic  Axisym- 
metric  Characteristics  Heunstically) 
code,  or  its  variant,  is  the  most  widely- 
used  computer  code  in  the  prediction 
of  turbulent  internal  flows  cited  in  the 
literature. 

Two  important  factors  in  the  numerical 
solution  of  the  model  equations  are 
discussed;  namely,  false  diffusion  and  in- 
let boundary  conditions.  The  existence  of 
countergradient  transport  and  its  implica- 
tions in  turbulence  modeling  are  mention- 
ed. There  are  brief  descriptions  of  other 
approaches  to  turbulent-flow  computa- 
tions including  the  vortex  method  (using 
point  or  line  vortexes),  large-eddy  simula- 
tion (direct  solution  of  the  Navier-Stokes 
equations  with  filtering  to  remove  small 
eddies),  and  direct  simulation  (solution  of 
the  full  Navier-Stokes  equations) 

This  work  was  done  by  M  Nallasamy 
of  Marshall  Space  Right  Center.  Fur- 
ther information  may  be  found  in  NASA 
Technical  Paper  2474  [N85-25757/NSP], 
"A  Critical  Evaluation  of  Various  Tur 
bulence  Models  as  Applied  to  Internal 
Fluid  Flows"  [A04]  .  A  paper  copy  may 
be  purchased  [prepayment  required] 
from  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161. 
MFS-271 18  /TN 
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Correcting  for  Supports  in 
Structural  Dynamic  Testing 

Testing  under  a  variety  of 
support  conditions  is 
combined  with  computer 
analysis  to  update 
mathematical  models  to 
match  test  data. 


A  report  suggests  that  the  dynamic 
characteristics  of  large  space  struc 
tures  can  be  predicted,  without  full-scale 
testing,  by  a  method  that  combines  ex- 
periment and  analysis.  The  method, 
multiple-boundary-condition  testing,  was 
developed  for  such  large  space  struc- 
tures as  dish  antennas,  towers,  and  solar- 
cell  arrays. 

The  method  compensates  for  the  ef- 
fects of  the  supports  that  are  needed  to 
hold  flexible  and  fragile  space  structures 
when  they  are  tested  in  Earth's  gravity 
Multiple-boundary-condition  testing  con- 
sists of  testing  a  structure  under  a  variety 
of  support  conditions  and  support  loca- 
tions. The  resulting  data  are  processed 
according  to  an  algorithm  that  separates 
the  meaningful  information  about  the 
structure  from  the  spurious  effects  of  the 
supports 


The  initial  input  data  for  the  mathemati- 
cal model  of  the  structure  are  repre- 
sented by  mass  and  stiffness  matrices. 
The  equations  that  give  the  theoretical 
data  relating  to  the  vibrational  modes  are 
linearized,  then  fitted  to  the  test  data  by  a 
least-squares  method.  The  revised  esti- 
mates are  then  used  to  calculate  the  data 
relating  to  the  vibrational  modes.  This 
process  is  repeated  until  the  correlation 
between  the  mathematical  and  the  test 
results  is  acceptable. 

The  report  reviews  the  history  of  the 
development  of  the  method,  presents  the 
principles  of  the  approach,  discusses  the 
results  of  a  theoretical  analysis  of  the  ac- 
curacy of  the  method  in  comparison  with 
conventional  testing,  and  describes  a 
computer  simulation  of  the  method  as  ap- 
plied to  a  simply  supported  beam  with  a 
series  of  roller  constraints.  Initial  studies 


indicate  that  the  method  can  provide  a 
better  final  mathematical  model  of  a 
structure  than  can  a  conventional  ground 
test  of  the  structure 

This  work  was  done  by  Ben  K.  Wada, 
Chin-Po  Kuo,  and  Robert  J.  Glaser  of  Cal- 
tech  for  NASA's  Jet  Propulsion  Labo- 
ratory. 

"Multiple  Boundary  Condition  Testing 
Used  To  Validate  a  Structural  Dynamic 
Model  of  a  Large  Flexible  Structure, " 
NPO  -16620  /TN 
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Pump  for  Saturated  Liquids 

Boiling  liquids  would  be  pumped  by  a 
device  based  on  proven  components. 


A  proposed  pump  is  designed  to  han- 
dle boiling  liquids.  Conventional  liquid 
pumps  do  not  accept  liquids  at  their  satu- 
ration, or  boiling,  pressures.  The  pro- 
posed pump  would  make  it  unnecessary 
to  pressurize  cryogenic  liquids  in  order  to 
pump  them.  The  problems  of  introducing 
a  noncondensable  pressurizing  gas 
could  be  avoided. 

According  to  the  two-phase  pumping 
concept,  the  saturated  liquid  flows  from  a 
tank  to  a  two-phase  nozzle,  in  which  it 
flashes  into  a  liquid/vapor  mixture  and  im- 
pinges on  an  inclined-plate  separator 
(see  figure).  The  separated  liquid  flows 
through  a  diffuser  to  a  discharge  conduit. 
The  separated  vapor  is  compressed  and 
returned  to  the  tank. 

If  the  nozzle,  separator,  and  diffuser 
have  high  enough  efficiencies  and  if  the 
nozzle-exit  pressure  is  low  enough,  the 
liquid  will  discharge  at  a  higher  pressure 
than  it  had  in  the  tank.  In  addition,  it  will  be 
cooled  to  the  saturation  temperature  cor- 
responding to  the  nozzle-exit  pressure. 

The  two-phase  pump,  then,  produces 
two  important  changes:  It  raises  the  pres- 
sure of  the  liquid  from  the  tank  pressure 
to  a  higher  discharge  pressure,  and  it  cre- 
ates a  net  positive-suction  head  equal  to 
the  difference  between  the  discharge 
pressure  and  the  nozzle-exit  pressure. 
The  suction  head  is  a  result  of  both  the 
pressure  rise  and  the  temperature  drop 
of  the  liquid. 

Even  though  the  liquid  is  discharged  at 
a  temperature  lower  than  that  in  the  tank, 
there  is  no  net  cooling  in  the  pump:  On 
the  contrary,  there  is  net  heating.  The 
vapor  returned  to  the  tank  contains  the 
heat  removed  from  the  discharged  liquid 


plus  the  heat  from  the  compressor. 

The  pump  would  use  the  same  combi- 
nation of  the  two-phase  nozzle,  separator, 
and  diffuser  that  were  previously  used  in 
jet  pumps  and  in  liquid-metal  magnetohy- 
drodynamics.  In  those  applications,  the 
energy  of  the  liquid  leaving  the  separator 
was  used  to  do  pumping  work  or  electri- 
cal work  before  the  liquid  entered  the 
diffuser. 

Calculations  based  on  representative 
efficiencies  for  the  nozzle,  separator,  dif- 
fuser, and  compressor  show  that  the  two- 
phase  pump  would  perform  well.  For 
example,  with  a  tank  pressure  of  18  lb/in.2 
(124  kPa)  and  a  nozzle-exit  pressure  of 


Tank 


5  lb/in.2  (35  kPa),  it  would  pump  liquid  hy- 
drogen to  a  discharge  pressure  of 
27  lb/in.2  (186  kPa).  (Pressures  are  ab- 
solute values.) 

The  two-phase  pump  is  especially  at- 
tractive for  transferring  cryogenic  liquids 
from  one  tank  to  another.  In  such  trans- 
fers, the  combination  of  pressure  rise  and 
liquid  cooling  permits  transferring  the  liq- 
uid without  venting  the  receiver  tank,  thus 
preventing  loss  of  fluid. 

This  work  was  done  by  David  G.  Elliott 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO- 16152  fTN 
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Expanding  a  Saturated  Liquid  in  a  nozzle  and  diverting  its  phases  along  separate  paths  in 
a  liquid/vapor  separator  raises  the  pressure  of  the  liquid.  The  liquid  is  cooled  in  the 
process. 
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Ignition  System  for  Gaseous  Propellants 

A  spark  plug  in  a  fuel-injection  manifold  resists 
corrosion  and  allows  efficient  combustor  cooling. 


Installation  of  the  spark  plug  in  the  fuel- 
injection  manifold  of  a  coaxial  injector 
(see  figure)  promotes  a  more  efficient 
cooling  of  combustor  walls  in  rocket 'and 
turbine  engines.  The  spark  plug  is  not 
subjected  to  the  erosion  and  contamina- 
tion that  occur  in  the  combustion  cham- 
ber. 

Simple  in  concept  and  inexpensive, 
spark  discharge  reliably  ignites  gaseous 
fuels,  especially  gaseous  hydrogen  with 
gaseous  or  liquid  oxygen.  Normally  a 
spark  plug  is  placed  so  that  its  tip  is  at  the 
combustor  wall  far  enough  downstream 
of  the  injector  face  to  be  exposed  to  par- 
tially or  fully  mixed  gases.  The  exposure 
to  combustion  temperatures  causes  ero- 
sion of  the  unccoled  plug.  When  the  com- 
bustor walls  must  be  cooled  by  a  fluid,  the 
presence  of  the  spark-plug  port  impedes 
the  effectiveness  of  the  coolant. 

With  the  spark  plug  located  in  the  fuel- 
injection  manifold,  the  ignition  sequence 
begins  with  the  introduction  of  gaseous 
oxygen  through  the  central  oxygen  tube 
at  the  main  operating  flow  rate,  followed 
by  sparking  and  the  introduction  of  gase- 
ous hydrogen  through  an  entry  port  in  the 
side  of  the  fuel-injection  manifold. 

At  first,  gaseous  oxygen  fills  both  the 
combustor  and  the  fuel-injection  mani- 
fold. When  the  main  fuel  valve  is  opened, 
the  hydrogen  mixes  with  the  oxygen  and 
purges  it  from  the  fuel-injection  manifold. 
During  this  expulsion,  ignition  occurs 
when  an  interface  of  mixed  flammable 
gases  passes  across  the  spark  discharge. 
Then  the  flaming  interface  of  mixed  gases, 
with  gaseous  oxygen  being  pushed  ahead 
of  it  and  with  gaseous  hydrogen  following 
it,  passes  from  the  fuel-injection  manifold, 
through  the  annular  fuel-injection  port  and 
into  the  main  combustor. 


Gaseous 
!    Oxygen 


Fuel-Injection 
Chamber 


Gaseous 
Hydrogen 


Cooling-Water 
Outlet 


After  Ignition  Occurs  in  the  Fuel  Injector,  combustion  is  maintained  in  the  cooled  main 
combustor  leaving  the  spark-plug  tip  in  a  cool,  clean  environment. 


As  the  interface  contacts  the  oxygen 
stream  of  the  central  oxygen  tube,  ignition 
occurs  at  the  injector  face  and  is  sustain- 
ed by  the  propelling  hydrogen  fuel.  During 
the  sustained  combustion,  the  spark-plug 
tip  remains  cool  and  clean.  Without  a 
spark-plug  port,  the  main  combustor  can 
be  cooled  efficiently. 

Eighteen  tests  have  proven  this  injector 
design;  no  ignition  failures  occurred  in 
8,000  seconds  of  operation  with  gaseous 


oxygen  and  hydrogen.  The  system  can  al- 
so be  used  with  other  propellants  that  are 
gaseous  in  the  ignition  phase. 

This  work  was  done  by  Richard  A. 
Pieron  of  Rockwell  International  Corp.  for 
Marshall  Space  Right  Center. 
MFS-29125/TN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  24 1 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


NTIS  Tech  Notes  November  86 


1196 


IWNSATech  Brief 


National  Aeronautics  and 
SfKice  Administration 


A  Marshall  Space  Flight  Center,  Alabama 


Finite-Element  Fracture  Analysis  of  Pins  and  Bolts 

Stress  intensities  are  calculated 
in  bending  and  tension. 


SMOOTH  BAR 


THREADED  BAR 


Figure  1.  These  are  Typical  Finite-Element  Models  for  use  In  the  stress  analysis  of  pins 
(above)  and  bolts  (below). 


A  finite-element  stress-analysis 
method  gives  stress-intensity  estimates 
for  surface  flaws  on  smooth  and  threaded 
round  bars.  Calculations  were  done  for 
purely  tensile  and  purely  bending  loads. 
The  results,  presented  in  dimensionless 
form,  will  be  useful  for  determining  the  fa- 
tigue lives  of  bolts  and  pins. 

The  first  step  in  the  computation  is  to 
construct  a  mathematical  model  of  the 
part  to  be  analyzed  (see  Figure  1),  using  a 
standard  three-dimensional  finite  ele- 


ment known  as  quadratic  isoparametric. 
A  computer  program  has  been  written  to 
take  a  coarse -element  model  and  refine  it 
in  the  vicinity  of  the  crack  edge.  Thus,  a 
sufficient  number  of  elements  is  provided 
to  characterize  the  variation  of  stress  in- 
tensity along  the  crack  edge. 
i  The  mathematical  model  is  considered 
to  be  subjected  to  forces  or  enforced  dis- 
placements across  the  crack  edge 
Nodal  displacements  of  the  elements 
along  the  crack  are  obtained:  The  forces 


and  displacements  are  related  by  a  stiff- 
ness matrix  that  has  been  evaluated  for 
the  particular  finite-element  model  by 
previously  developed  methods 

The  differential  displacement  at  the 
crack  affects  the  stiffness  matrix  only 
through  the  contributions  of  the  elements 
adjacent  to  the  crack  The  stiffnesses  of 
all  other  elements  of  the  model  remain 
unchanged.  This  leads  to  the  observation 
that  the  strain-energy  Release  rate  due  to 
the  crack  extension  is  completely  deter- 
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mined  by  the  displacements  of  only  these 
elements.  This  rate  is  calculated  from  a 
sum  of  products  of  stiffness-matrix  ele- 
ments with  displacements.  In  view  of  the 
foregoing  observation,  only  the  displace- 
ments of  the  nodes  defining  the  two  ele- 
ments containing  the  perturbed  node 
(see  Figure  2)  are  required  to  evaluate 
this  rate. 

The  stress  intensity  K,  is  calculated 
from 
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where  S  =  strain  energy,  dn  =  the  ele- 
ment of  displacement  in  the  direction  of 
crack  growth,  A  =  the  surface  area  of 
the  crack,  E  =  the  modulus  of  elasticity,  v 
=  Poisson's  ratio,  and  ex,  £y,  and  tz  repre- 
sent the  strains  in  the  perturbed  ele- 
ments, with  ey  along  the  crack  edge. 
dA/dn  is  calculated  as  a  function  of  the 
crack  size  and  shape. 

The  method  was  verified  satisfactorily 
with  a  center-cracked  strip  and  an  ellipti- 
cal crack  in  an  infinite  medium.  The 
method  was  then  applied  to  surface  flaws 
on  smooth  and  threaded  round  bars.  For 
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Figure  2.  Finite  Elements  Adjacent  to  a  Crack  are  used  to  calculate  the  stress  intensity  and 
related  quantities  involved  in  crack  growth. 


each  case,  relative  stress  intensities 
were  calculated  and  expressed  as 
configuration-related  correction  factors 
for  a  range  of  crack  sizes  and  aspect 
ratios.  The  results  of  these  calculations 
are  comparable  to  previously  published 
results  (where  applicable)  and  are  useful 


in  practical  problems  involving  pins  and 
bolts. 

This  work  was  done  by  Kermit  J.  Nord 
of  Teledyne  Brown  Engineering  Corp.  for  4 
Marshall  Space  Flight  Center. 
MFS-28061/TN 
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Theory  and  Tests  of  Two- 
Phase  Turbines 

New  turbines  open  the 
possibility  of  new  types  of 
power  cycles. 


♦ 


A  report  describes  the  theoretical  anal- 
ysis and  experimental  testing  of  two- 
phase  impulse  turbines.  Such  turbines 
open  the  possibility  of  new  types  of  power 
cycles  operating  with  extremely  wet  mix- 
tures of  steam  and  water,  organic  tluids, 
or  Immiscible  liquids  and  gases.  Possible 
applications  are  geothermal  power, 
waste-heat  recovery,  refrigerant  expan- 
sion, solar  conversion,  transportation, 
and  engine-bottoming  cycles.  Potential 
advantages  over  conventional  vapor  cycles 
in  these  applications  are  the  more  effec- 
tive use  of  the  energy  in  such  hot  liquids 
as  geothermal  fluids,  better  matching  to 
sensible-heat  sources,  lower  shaft 
speeds,  and  the  flexibility  of  operating 
without  the  restriction  of  dry-vapor 
expansion. 

The  two-phase  turbines  were  tested 
with  water-and-nitrogen  mixtures  and 
with  Refrigerant  22  (CHCIF2).  Nozzle  effi- 
ciencies were  0.78  (measured)  and  0.72 
(theoretical)  for  water-and-nitrogen  mix- 
tures at  a  water/nitrogen  mixture  ratio  of 
68  by  mass  and  were  0.89  (measured) 
and  0.84  (theoretical)  for  Refrigerant  22 
expanding  from  0.02  quality  to  0.28  quali- 
ty, where  "quality"  is  defined  as  the  ratio 
of  vapor  mass  to  total  mass  in  a  local  fluid 
sample.  The  theoretical  velocities  are 
lower  than  those  measured,  probably  be- 
cause of  an  overestimatlon  of  drop  size 


Blade  efficiencies  (shaft  power  before 
windage  and  bearing  loss  divided  by  noz- 
zle jetpower)  were  0.63  (measured)  and 
0.71  (theoretical)  for  water-and-nitrogen 
mixtures  and  0.62  (measured)  and  0.63 
(theoretical)  for  Refrigerant  22  with  a 
single-stage  turbine  and  were  0.70 
(measured)  and  0.85  (theoretical)  for 
water-and-nitrogen  mixtures  with  a  two- 
stage  turbine.  The  measured  rotor  effi- 
ciencies are  10  to  15  percent  below  the 
calculated  values  because  of  sideways 
spreading  of  the  liquid  on  the  blades  and 
retention  of  a  liquid  film  by  the  blades.  It  is 
not  known  whether  these  losses  can  be 
reduced  or  whether  they  are  fundamen- 
tal limitations. 

Although  the  efficiency  of  single-stage 
two-phase  turbines  will  be  only  about 
50  percent,  this  is  sufficient  for  replacing 
the  throttling  steps  in  geothermal  plants, 
refrigeration  systems,  and  other  systems 
that  use  irreversible  flashing  processes. 
However,  it  is  problematic  whether  the 
value  of  the  added  energy  output  will  off- 
set the  cost  of  the  turbine  and  associated 
equipment.  To  compete  with  vapor  tur- 
bines, a  two-phase  turbine  must  have  an 
efficiency  of  more  than  65  percent  — 
about  the  upper  limit  of  efficiency  for  two- 
phase  turbines,  and  probably  attainable 
only  with  organic  working  fluids. 


In  sum,  two-phase  turbines  appear 
promising  in  organic-fluid  waste-heat  or 
geothermal  binary  cycles  where  there  is 
a  significant  thermodynamic  advantage 
in  using  saturated-liquid  expansion  and 
where  the  flow  conditions  are  conducive 
to  the  best  two-phase  turbine  efficiency 
Two-phase  turbines  using  steam  and 
water  expanding  to  the  low  pressures  re- 
quired in  most  applications,  such  as  geo- 
thermal, may  be  ruled  out  by  low  efficiency 
and  possibly  erosion 

This  work  was  done  by  David  G  Elliott 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory,  Further  information  may  be 
found  in  NASA  CR-1 68834 [DE82013O37], 
"Theory  and  Tests  of  Two-Phase  Tur- 
bines" [A07]  A  copy  may  be  pur- 
chased [prepayment  required]  from  the 
National  Technical  Information  Service. 
Springfield,  Virginia  22161. 
NPO -16039  /TN 
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Variable  Control  Port  for  Fluidic  Control  Device 

The  volume  and  velocity  of  the  control  flow  can  be  independently  adjustable. 


A  proposed  throttling  mechanism  can 
adjust  the  size  of  the  control  port  of  a 
fluidic  vortex  flow-control  device.  This 
would  allow  independent  adjustment  of 
the  volume  and  the  velocity  of  the  control 
flow  —  to  match  a  wider  range  of  supply 
and  output  requirements. 

In  a  conventional  fluidic  vortex  flow- 
control  device  (see  top  of  figure),  the  con- 


trol fluid  strikes  the  supply  fluid  (the  fluid 
to  be  controlled)  at  a  right  angle.  The  sup- 
ply fluid  enters  the  vortex  chamber 
through  the  supply  port.  The  control-fluid 
motion  pushes  the  supply  fluid  into  a  vor- 
tex that  circulates  along  the  walls  of  the 
chamber.  As  the  control  flow  is  increased, 
the  vortex  is  accelerated,  delaying  the  exit 
of  the  combined  fluids  through  the 


Supply         Control 
Port        /Port 


Supply  Control 

Port  Port 


CONVENTIONAL 


Pivot 


Supply 
Port 


Control 
Sector 
(Throttle) 


PROPOSED 


A  Fluidic  Vortex  Flow-Control  Device  of  the  conventional  type  (above)  has  a  control  port 
of  fixed  cross  section.  In  the  proposed  device  (below),  the  control  port  Is  equipped  with  a 
throttle  to  enable  the  Independent  adjustment  of  control-flow  volume  and  velocity. 


centrally-located  exit  port. 

The  volume  and  pressure  of  the  con- 
trol fluid  entering  the  chamber  are  deter- 
mined by  the  pumping  pressure  exerted 
against  the  control  fluid  and  the  hydraulic 
head  losses  of  the  control-flow  tubing  and 
the  control  port;  the  higher  the  control- 
fluid  pressure,  the  greater  the  volume 
and  velocity  of  the  control-fluid  jet  striking 
the  supply-fluid  stream.  For  a  given 
control-fluid  pressure,  the  head  loss,  and 
hence  the  control  flow,  depends  on  the 
cross-sectional  area  of  the  control  port.  In 
any  one  device,  this  area  is  fixed;  if  it  does 
not  fit  a  desired  set  of  supply/output  con- 
trol conditions,  the  device  must  be  re- 
placed by  another  having  a  different  ratio 
of  supply-  and  control-port  geometries. 
While  in  the  laboratory,  this  device  allows 
the  output-flow  rate  to  vary  by  up  to  a  fac- 
tor of  5;  under  field  conditions,  it  is  more 
common  for  this  rate  to  vary  by  as  little  as 
a  factor  of  2.  i 

In  the  proposed  device  (see  bottom  of 
figure),  a  rotatable  D-shaped  control  sec- 
tor could  throttle  down  the  control  port  or 
open  it  completely  and  could  be  set  to 
any  intermediate  control-port  cross- 
sectional  area.  Although  this  adjustment 
would  affect  the  volume  and  control-port 
head  loss,  the  volume  and  velocity  could 
be  controlled  independently  by  also  ad- 
justing the  fluid-supply  pressure.  This 
would  allow  adjustment  to  a  wider  range 
of  control  conditions  and  the  ability  to 
maximize  control  efficiency.  Fluidic  con- 
trol theory  suggests  the  possibility  of  im- 
provement in  the  control  ratio  of  at  least 
2:1  over  conventional  devices. 

Thte  work  was  done  by  Earl  R.  Collins, 
Jr.,  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-16603/TN 
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Variable-Force  Eddy-Current  Damper 

Variable  damping  is  achieved  without  the 
problems  of  containing  viscous  fluids. 


♦ 


Eddy-Current  Damping  is  obtained  by  moving  copper  or  aluminum  conductors  through  magnetic  fields.  The  position  of  the  magnet  carrier 
determines  the  amount  of  field  engagement  and,  therefore,  the  amount  of  damping. 


An  eddy-current  damper  has  been 
conceived  and  tested  that  provides  the 
capability  of  varying,  either  manually  or 
automatically,  the  stiffness  and  damping 
characteristics  of  a  rotor  or  shaft-support 
system  without  having  to  bring  the  rotor 
to  rest.  This  variable  damping  force  and 
stiffness  can  also  be  provided  without  the 
need  for  viscous  fluids.  Fluid-film 
dampers,  which  employ  a  viscous  fluid 
film  between  relatively  moving  parts,  are 
used  in  a  number  of  contemporary  turbo- 
machines  Examples  would  be  turbojet 
aircraft  engines,  radial  and  axial  com- 
pressors, and  oxygen  expanders  (high- 


speed gas  liquefiers),  to  name  just  a  few. 
Vibrational  energy  induced  in  the  rotor 
and  transmitted  to  the  bearing  supports  is 
dissipated  as  heat  in  shearing  the  viscous 
fluid. 

The  so-called  "squeeze-film"  damper 
dissipates  the  energy  by  pumping  a  vis- 
cous fluid  in  and  out  of  a  narrow  annulus 
In  these  types  of  dampers,  the  amount  of 
damping  and  stiffness  is  determined  by 
the  original  design  and  calculated  ampli- 
tudes of  vibration  that  are  expected  to  be 
encountered.  Should  actual  operating 
conditions  differ  from  those  anticipated, 
there  is  normally  no  method  provided  for 


altering  the  damper  characteristics,  once 
the  damper  has  been  installed.  Also,  for 
this  damper  to  be  effective,  it  must  be 
supplied  with  relatively  large  quantities  of 
a  viscous  fluid.  This  means,  in  most 
cases,  that  these  dampers  are  required 
to  be  located  very  close  to  a  bearing 
where  lubricating  oils  are  available  in 
large  quantities. 

An  eddy-current  damper,  not  requiring 
lubricating  oils,  is  free  to  be  positioned  a: 
other  locations  in  the  machine.  In  fluid 
viscous-shear  clampers,  the  magnitudes 
of  damping  and  stiffness  are  functions  of 
fluid  viscosity,  clearances  between  rela- 
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tively  moving  surfaces,  and  temperature. 
Without  a  means  of  external  adjustments 
or  control,  too  much  stiffness  and  damp- 
ing foi  any  given  set  of  vibrational  fre- 
quency and  amplitude  can  result. 

the  variable-force  eddy-current 
damper  operates  as  depicted  in  the  fig- 
ure One  end  of  a  rotating  shaft,  A,  turns 
in  bali  bearings  K  The  outer  races  of  the 
ball  bearings  are  fixed  from  rotating  in  a 
cantilevered  type  of  spring,  B,  which  is 
fixed  in  the  machine  frame.  When  shaft  A 
is  caused  to  vibrate  with  a  measurable 
amplitude,  as  is  produced  by  rotating  un- 
balance forces,  it  causes  the  cantilever 
spring  mount  to  precess  in  an  orbital  mo- 
tion, and  predominantly  in  a  plane  per- 
pendicular to  the  rotor  axis.  An  electrically 
conducting  material,  such  as  copper  or 
aluminum  C,  is  firmly  attached  to  spring  B, 
at  three  equally  spaced  positions  around 
the  shaft  A  These  are  more  clearly  seen 
in  the  side  elevation. 

The  conductors  are  so  located  axially 
that  they  fit  into  the  opening  or  gap  of  the 
1 1  shaped  magnet  carrier  E  Permanent 
magnets  D  are  attached  to  the  carrier  E 
at  the  three  positions  coinciding  with  the 
conductors  C  These  permanent  mag- 
nets could  just  as  well  be  electromag- 
nets. The  magnetic  flux  field  in  the  gap 


between  the  two  facing  magnets  (north 
and  south  poles)  is  repeatedly  inter- 
rupted, or  cut,  by  the  vibrating  conduc- 
tors. In  so  doing,  an  electromotive  force  is 
induced,  some  of  which  opposes  the  mo- 
tion that  produced  it. 

This  damping  coefficient  varies  with 
the  volume  of  conductor  material  that  is 
moving  more  or  less  perpendicularly  to 
the  magnetic  lines  of  force  in  the  gap  be- 
tween the  magnets.  The  magnet  carrier  E 
is  provided  with  gear  teeth  around  its  pe- 
riphery, and  these  teeth  mesh  with  the 
teeth  of  a  worm  gear,  F.  A  shaft  extension, 
H,  connected  to  the  worm  gear  F,  can  be 
made  to  rotate  in  bearing  J,  either  manu- 
ally, by  servomotor,  or  stepping  motor,  all 
of  which  can  be  located  remotely  from 
the  damper.  Turning  shaft  H  will  cause 
the  magnet  carrier  E  to  rotate  through  an 
angle  from  position  1  to  position  2.  The 
magnet  E  is  located  in  ball  bearings  I. 

At  position  1 ,  all  of  the  conductor  mate- 
rial C  lies  within  the  magnetic  flux  field 
emanating  from  magnet  D,  and  therefore 
a  maximum  amount  of  damping  and  stiff- 
ness is  realized  At  position  2,  none  of  the 
conductor  material  is  within  the  magnetic 
field,  and  in  this  case,  the  stiffness  and 
damping  available  will  be  zero  The 
amount  of  damping  and  stiffness  then  is 


continuously  variable  from  positions  1 
through  2. 

The  three  advantages  of  this  concept 
are  as  follows:  (1)  Magnitudes  of  stiffness 
and  damping  can  be  continuously  varied 
from  a  maximum  to  zero  without  bringinc.  . 
the  rotor  or  shaft  to  a  stop;  (2)  a  damper  off 
this  type  can  be  used  in  rotating  ma- 
chines not  having  viscous  fluids  available, 
such  as  lubricating  oils;  and  (3)  a  damper 
of  this  type  can  produce  sizable  damping 
forces  in  machines  that  pump  liquid  hy- 
drogen at  -  246°  C  and  liquid  oxygen  at 
-  183°  C  and  can  be  compact  in  size. 

This  work  was  done  by  Robert  E. 
Cunningham  of  Lewis  Research  Center. 
Further  information  maybe  found  in  "Pre- 
liminary Results  on  Passive  Eddy  Current 
Damper  Technology  for  SSME  Turboma- 
chinery " 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Council, 
Lewis  Research  Center    Refer  to 
LEW-13717/TN 


Gene E  Shook 

Lewis  Research  Center 

Mail  Code  60  2 
21000  Brookpark  Road 
Cleveland.  OH  44135 
(216)433  5753 
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Improved  Seal  for  NTF  Fan  Shaft 

The  new  seal  is  more  effective  and  lasts  longer. 


The  National  Transonic  Facility  (NTF) 
main-drive  fan  hub  and  part  of  the  drive 
shaft  are  housed  in  the  upstream  nacelle, 
which  provides  both  structural  support 
and  an  aerodynamic  fairing  for  the  as- 
sembly. Inside  the  nacelle,  nitrogen-gas 
flow  is  restricted  by  a  seal  around  the  fan 
shaft  at  the  upstream  nacelle  bulkhead. 
Operational  temperatures  from  + 150°  to 
-  320°  F  ( +  66°  to  - 196°  C),  absolute 
pressures  from  8  psi  to  130  psi  (55  kN/m2 
to  900  kN/m2),  and  a  pressure  differential 
of  2  psi  (14  kN/m2)  combined  with  severe 
bulkhead  thermal  distortions  result  in  a 
very  serious  design  problem  The  prob- 
lem is  compounded  by  the  600-r/min 
shaft  speed.  A  conventionally  designed 
seal  using  glass  fibers  and  polytetrafluor- 
oethylene  proved  to  have  an  operating 
life  of  only  a  few  hours. 

An  analysis  of  the  seal  failure  revealed 
two  causes.  The  first,  bulkhead  thermal 
distortion,  was  alleviated  by  relocating 
the  seal  to  another  part  of  the  shaft.  The 
second  cause  was  shaft  surface  speed; 
the  48.5-in.  (123.2-cm)-diameter  shaft 
turning  at  600  r/min  has  a  surface  speed 
of  7,600  ft/min  (38.7  m/s),  which  is  much 
too  high  for  most  materials. 

To  improve  the  seal  efficiency,  a  high- 
density  wool  felt  treated  with  a  fire  retard- 
ant  was  incorporated  into  the  final  design. 
The  commercially  purchased  felt  sheets 
1/4  in.  (6  mm)  thick  were  cut  into  90°  seg- 
ments, four  segments  to  a  ring.  Polytetra- 
fluroethylene  spacers  were  cut  in  a  simi- 
lar manner  from  sheets  1/8  in.  (3  mm) 
thick.  The  seal  (see  figure)  is  made  up  of 
five  felt  rings,  separated  by  four  polytetra- 
fluoroethylene  rings  held  in  place  by  an 


The  Seal  consists  of  five  felt  rings  interspersed  with  four  polytetrafluoroethylene  rings 
having  an  inner  diameter  slightly  larger  than  that  of  the  shaft.  The  spaces  between  the 
polytetrafluoroethylene  rings  and  the  shaft  produce  a  labyrinth  effect,  which  increases 
the  degree  of  sealing. 


aluminum  structure.  The  seal  runs  on  a 
9-percent-Ni  steel  shaft  treated  with  a 
MoS2  surface-bonded  lubricant.  Since 
the  polytetrafluoroethylene  rings  are 
slightly  larger  than  the  shaft,  a  small  cavi- 
ty is  formed  on  either  side  of  the  felt  rings, 
providing  the  labyrinth  effect,  which  im- 
proves the  seal  efficiency. 


This  work  was  done  by  £  A.  Crossley. 
Jr.,  Jeffrey  A.  Jones,  Roger  Messier,  and 
G.  Warren  Johnson  of  Langley  Re- 
search Center  and  Keith  Felton  of  North 
Carolina  State  University. 
LAR-13218  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757.  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Structural  Analysis  Program  Determines 
Static  and  Dynamic  Response  of  Linear 
Systems 

This  technical  note  was  based  on  a  software  package  developed  by  Argonne 
National  Laboratory  for  the  U.S.  Department  of  Energy  and  available  at  the 
National  Energy  Software  Center 


DOE/TIC/EG-86/01"^ 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


Argonne  National 
Laboratory 


The  software  program,  "SAP4,"  is  a 
structural  analysis  program  for  determin- 
ing the  static  and  dynamic  response  of 
linear  systems. 

Presently,  the  program  contains  the  fol- 
lowing element  types: 

•  Three-dimensional  truss  element. 

•  Three-dimensional  beam  element. 

•  Plane  stress  and  plane  strain  element 

•  Two-dimensional  axisymmetnc  solid. 

•  Three-dimensional  solid. 

•  Variable-number   nodes,   thick   shell, 
and  three-dimensional  element 

•  Thin-plate  or  thin-shell  element. 

•  Boundary  element. 

•  Pipe  element  (tangent  and  bend) 

The  capacity  of  the  program  depends 
mainly  on  the  total  number  of  nodal 
points  used  in  the  system,  the  number  of 
eigenvalues  needed  in  the  dynamic  anal- 
ysis, and  the  computer  used.  There  is 
practically  no  restriction  on  the  number 
of  elements   used,   the   number  of   load 


cases,  or  the  order  and  bandwidth  of  the 
stiffness  matrix.  Each  nodal  point  in  the 
system  can  have  from  zero  to  six  displace- 
ment degrees  of  freedom.  The  element 
stiffness  and  mass  matrices  are  as- 
sembled  m  condensed  form. 

SAP4  is  written  in  FORTRAN  IV 
(IBM360).  FORTRAN  ASCII  (99%).  and  As- 
sembler (1%)  (UNIVAC1  100).  It  uses  the 
OS/360/370  (IBM370)  and  EXEC8 
(UNIVAC1  100)  operating  systems.  Com- 
puter resources  reguired  depend  on  the 
type  of  problem,  and  tradeoffs  are  select- 
able to  some  extent'  Storage  needs  may 
vary  from  250K  to  2000K  bytes 
(IBM370).  Peripheral  device  usage  has 
been  optimized  for  static  analysis  and 
step-by-step  integration  With  program 
segmentation,  the  UNIVAC1  100  versiorl 
requires  53.000  words  of  memory  for  exe- 
cution. (References  1  -5  are  included  with 
the  software  package.) 


REFERENCES 


Reference(s) 

( 1 )  SAP  IV.  A  Structural  Analysis  Program  lor  Static  and 
Dynamic  Response  of  Linear  Systems.  EERC  73-1  I . 
June  1973.  Revised  April  1974 

(2)  Notes  on  Argonne's  Version  of  the  Structural  Analysis 
Program— SAP4.  ANLAMD  Memorandum.  February  9. 
1978.  Revised  September  11.  1981 

13)  SAP4  IBM  Version  Tape  Description.  Implementation 
Information,  and  IBM3033  Sample  Problem  Output 
Report  number  NESC  Note  82-62 
Order  number  NESC  No  64  1  37 0G 


(4)  SAP4.  Modification  to  Reference  Report  EERC-73- 1 1 
and  Description  of  Missing  IBM  Version  Routines. 
Report  number  NESC  Note  78-22 

Order  number  NESC  No  641  370 

(5)  SAP4.  Modification  to  Reference  Report  EERC-  73- 1 1 
and  Description  of  UNIVAC  Version  Tape 

Report  number  NESC  Note  82-6 1 
Order  number  NESC  No  641  1100 


ORDER 
INFORMATION 


FOR  ADDITIONAL 
INFORMATION 


This  software  package  (DE8304864  1 1  NAB)  can  be 
purchased  for  S  1 510  (North  American  Price)  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


For  additional  information  contact 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9  700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No    (31 2)  972-7250  (Comm.) 
972-7250  (FTSl 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  (NESC 
No.  64  1)  directly  or  by  subscription  from 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 
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NBS  technology  update  computer 

i.  x-       ■  r>  «o*    ?    ^  Software 

National  Bureau  of  Standards 

U.S.  Department  of  Commerce 

fcnthersburg,  MP  20899 

Computer  Program  Evaluates  Heat  Detectors 

Researchers  in  the  NBS  Center  for  Fire  Research  have  developed 
a  computer  program  to  evaluate  heat  detection  systems  installed 
in  existing  buildings.    Depending  on  ceiling  height,   spacing  of  de- 
tectors, type  of  detector,  and  how  fast  the  fire  grows,  the  program 
will  determine  how  long  it  will  take  for  the  detector  to  be  activated. 
The  user-friendly  program  is  available  in  both  BASIC  and  FORTRAN 
and  will  run  on  mainframes  as  well  as  personal  computers.     In  ad- 
dition, the  FORTRAN  version  was  used  to  generate  an  extensive  set 
of  tables  which  can  be  used  to  quickly  evaluate  response  times  for 
common  systems.     A  557-page  report,  Evaluating  Thermal  Fire  De- 
tection Systems  (English  Units),  (SP  712),   includes  both  programs  as 
well  as  the  tables.     It  also  gives  practical  examples  on  how  to  use 
the  tables  and  computer  program. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS 
report(s): 

Computer  Program  Evaluates  Heat  Detectors. 
Order  number:     PB86-206570/NAC 
Price  code:     A24 
m  Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Rd. 
Springfield,  VA     22161 
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Four-Cylinder  Stirling- 
Engine  Computer  Program 

Both  steady-state  and 
transient  simulations  include 
realistic  effects. 


A  computer  program  has  been  devel- 
oped tor  simulating  the  steady-state  and 
transient  performance  of  a  four-cylinder 
Stirling  engine.  Usual  Stirling-engine 
models  include  only  two  pistons  and  the 
working  space  between  them.  For  analy- 
sis, the  working  space  is  usually  seg- 
mented into  control  volumes  correspond- 
ing to  engine  components:  expansion 
space,  heater,  regenerator,  cooler,  and 
compression  space.  More  than  one  con- 
trol volume  may  be  used  to  describe  each 
component.  Also,  various  heat-transfer 
paths  are  included  in  the  model.  While 
many  Stirling  engines  have  more  than 
one  working  space,  the  models  used  to 
predict  performance  generally  do  so  for  a 
single  working  space,  and  the  resultant 
output  power  is  multiplied  by  the  number 
of  working  spaces.  Although  this  ap- 
proach is  acceptable  for  performance 
calculations,  it  has  shortcomings  when 
the  constant-pressure  assumption  can- 
not be  used,  such  as  when  the  amount  of 
hydrogen  within  a  working  space  varies 
during  a  cycle. 

The  new  Stirling-engine  computer 
model  overcomes  these  difficulties.  In 
the  model,  four  cylinders  are  intercon- 
nected by  four  working  spaces.  Each 
working  space  contains  seven  volumes: 
one  for  the  expansion  space,  heater, 
cooler,  and  compression  space  and  three 
for  the  regenerator.  A  thermal  time  con- 


stant for  the  regenerator  mass  is  asso- 
ciated with  each  regenerator  gas  volume. 

The  thermodynamic  model  includes 
both  continuity  and  energy  equations  and 
simplified,  first-order  momentum  terms 
(flow  resistance).  Drive  dynamics  and  ve- 
hicle load  effects  are  included.  The  com- 
puter program  includes  a  model  of  a 
hydrogen-supply  system  to  accelerate 
the  engine. 

The  simulation  can  generate,  at  the 
user's  option,  steady-state  or  transient 
data.  Steady-state  power  and  torque  predic- 
tions compare  well  with  experimental  data 
over  a  wide  range  of  engine  speeds  and 
pressures.  The  model  contains  70  state 
variables.  Also  included  in  the  model  are 
piston-rod-seal  leakage  effects. 

The  simulation  is  modular  to  allow  for 
easy  modification  of  the  model.  An  input 
routine  is  provided  in  which  the  user  spec- 
ifies the  transient  to  be  run  and  supplies 
the  necessary  engine  geometry  data.  The 
type  of  output  is  also  selected  by  the  user. 
Very  detailed  printouts  at  prescribed  inter- 
vals can  be  selected,  alternatively,  less 
detailed  printouts  can  be  selected  The  in- 
tegration step  size  and  the  printout  inter- 
val do  not  have  to  be  the  same. 

This  computer  code  contains  energy- 
equation  effects  and  has  many  more  vol- 
umes per  working  space  than  the  previ- 
ously published  Stirling  engine  code, 


The  program  is  written  in  FORTRAN  IV 
for  use  on  an  IBM  370  computer. 

This  program  was  written  by  Carl  J. 
Daniele  and  Carl  F.  Lorenzo  of  Lewis  Re- 
search Center.  LEW- 74755 /7W 


FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  HaH 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Computing  Benefits  and 
Costs  for  Propulsion 
Systems 

A  weight-criteria  rating 
approach  is  followed. 


w< 


A  flexible  computer  model  has  been 
developed  for  evaluating  the  benefits  and 
costs  of  placing  large  space  systems  into 
operational  orbits.  With  the  advent  of  an 
operational  space  transportation  system 
(STS),  NASA  will  have  the  capability  of 
transporting  large-volume/low-density 
payloads  to  low  Earth  orbit  (LEO)  Some 
of  these  will  be  structures  that  allow  the 
placement  of  very  large  antennas  (200-m 
diameter),  or  collections  of  communica- 
tions systems,  in  orbits  ranging  from  LEO 
to  geosynchronous  Earth  orbit  (GEO) 
Currently,  one  approach  is  to  deploy 
these  large  space  systems  (LSS)  in  LEO 
and  transfer  them  to  their  operational  or- 
bits by  a  primary  propulsion  system  The 
ivehicle  thrust  must  be  limited  to  assure 
that  loading  during  the  final  acceleration 
will  not  collapse  the  lightweight  structure 
It  was  necessary  to  determine  the  most 
beneficial  and  cost-effective  thrust  level 
for  orbit  transfer  of  these  payloads 

When  subjecting  a  primary  propulsion 
system  to  mission  catalog  requirements, 
this  analytical  model  calculates  a  mission 
capture  rating,  benefit  value,  RDT&E 
costs,  production  costs,  and  launch 


costs,  in  addition  to  life-cycle  cost  at  vari- 
ous thrust  levels.  The  benefit  section  of 
the  model  follows  a  weighted-criteria  rat- 
ing approach  Ten  benefit  criteria,  such 
as  mission  capture,  engine  reliability,  pri- 
mary propulsion  system  (PPS)  length,  and 
technical  risk,  are  available  for  the 
benefit-value  calculation.  Each  benefit 
criterion  is  assigned  a  weighting  for  flexi- 
bility Mission  capture  rating  is  a  function 
of  thrust  level,  the  probability  of  mission 
occurrence,  and  the  number  of  STS 
launches 

RDT&E  and  PPS  costs  are  based  on 
vehicle  subsystem  masses.  Government 
and  commercial  STS  launch  costs  are 
taken  into  account.  The  combination  of 
these  two  algorithms  resulted  in  a  benefit- 
and-cost  model,  which  iterates  on  thrust 
level  such  that  the  most  cost-effective 
and  beneficial  thrust  level  is  selected  for 
a  given  mission  catalog. 

The  model  at  present  contains  the  per- 
formance envelopes  of  three  primary 
propulsion  systems  for  orbit  transfer 
based  on  three  low-thrust  engines  The 
model  allows  for  any  mission  model  to  be 
input  into  the  program  The  model  also  al- 


lows the  user  to  easily  vary  the  pre 
to  examine  the  effects  of  varioi  is    . 
and  the  weighting  of  benefit  pararr 
for  the  baseline  engines. 

This  program  is  written  in  FORTRAN  IV 
for  use  on  an  IBM  370  computer 

This  program  was  written  by 
Hamlyn,  R.  I.  Robertson,  and L   J  Rd<e of 
Martin  Marietta  Denver  Aerospa 
Lewis  Research  Center. 
LEW-14129  /TN 

FOR    ADDITIONAL    INFORMATION 
CONTACT: 

COSMIC® 
112  Barrow  Hall 
University  of  Georgia 
Athens.  GA  30602 
(404)  542-3265 
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broken  down  by  micro-organisms 
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Other  Items  of  Interest 

1 262  Dimerization  Constants  of  Cobalt/TSPC  Complex  —Accurate  data  have 
been  obtained  for  this  catalyst  potentially  useful  in  toxic  waste  treatment 


MANUFACTURING  TECHNOLOGY  NOTE 


U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  MMT5XX4231 


Filing  Code  :  68D036 


In-Plant  Reuse  of  Pollution-Abated  Waters 

Settling  and  filtration  allow  recycling  of  washout  water. 


A  project  completed  by  the  U.S.  Army  Arma- 
ment Research  and  Development  Center  showed 
that  water  pollution  at  Army  Ammunition  Plants 
(AAP's)  could  be  abated  by  recycling  and  reusing 
water  while  recovering  waste  acids  and  other  con- 
taminants for  reuse.  Studied  in  particular  were  the 
Lone  Star  Army  Ammunition  Plant  (LSAAP)  and  the 
Milan  Army  Ammunition  Plant  (MAAP). 

Work  conducted  at  LSAAP  indicated  that  it  is  not 
economical  at  this  time  to  recycle/reuse  pollution- 
abated  waters  at  this  site.  However,  if  discharge 
limits  become  more  stringent,  technology  is 
available  for  implementation. 

At  MAAP  it  was  first  determined  that  a  large 

percentage  of  the  site  wastewater  is  generated  on 

^  rework  line  carrying  the  major  quantity  of 

P  astewater  generated  from  washout  operations. 

\A/astewater  in  this  process  area  is  contaminated 


with  a  variety  of  chemicals  and  explosives  (i.e., 
RDX,  HMX,  Composition  B,  Composition  A3,  Com- 
postion  A-5,  tetryl,  etc.)  The  contaminants  in  the 
wastewater  are  present  in  unpredictable  quan- 
tities. 

As  a  result  of  a  pilot  study,  it  was  determined 
that,  following  settling  and  filtration,  wastewater 
generated  on  the  rework  line  can  be  recycled  and 
reused  directly  in  washout  operations.  This  results 
in  significant  reduction  in  wastewater  that  must  be 
treated  in  the  MAAP  pink-water  treatment  facility. 

FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  contacting 
Commander 

US  Army  Armament  Research  and  Development  Center 
Attn  SMCARAESSA  (J  Swotinsky) 
Dover,  NJ  07801 

Telephone  No  (201)  724-4284  oi  AV  8804284 


This  document  was  prepared  under  the  sponsorship  of  the  U  S  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
ntained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Project  Number:  P112.03.06(W-76) 


Filing  Code:  68D038 


Bioconversion  of  TAGfSS  Wastewater 

This  nitrate  can  be  completely 
broken  down  by  micro-organisms. 


Biodegradation  studies  with  triaminoguanidine 
nitrate  (TAGN)  have  demonstrated  that  this  compo- 
nent of  propellant-manufacturing  wastewaters  is 
amenable  to  biological  treatment,  under  suitable 
conditions.  Enough  supplemental  carbon  (for  ex- 
ample, in  the  form  of  glucose  and  sucrose)  must  be 
provided  in  the  incubation  medium  to  offset  the 
nitrogen-rich  TAGN  (see  figure)  and  provide  ener- 
gy. The  carbon  reaction,  known  as  cometabolism, 
implies  that  the  metabolism  of  TAGN  is  a  secon- 
dary, nonspecific  activity  of  the  enzymes  produced 
during  the  metabolism  of  the  energy-rich  sup- 
plemental carbon. 

The  enzyme  activity  occurs  under  either  aerobic 
or  anaerobic  conditions.  However,  nitrates  are 
formed  on  the  dissociation  of  TAGN  in  solution,  and 
these  anions  are  reduced  to  nitrogen  gas  only 
under  anaerobic  and  microaerophilic  conditions 
with  sufficient  alternate  carbon  present. 

In  the  studies,  which  were  conducted  for  the 
U.S.  Army  Natick  Research  and  Development 
Center,  no  evidence  was  found  for  the  production 
of  intermediates  from  TAGN,  except  for  carbo- 
hydrazine  under  alkaline  conditions.  The  absence 
of  such  compounds  —  including  urea,  guanidine, 
cyanamide,  cyanoguanidine,  and  hydrazine  —  in- 
dicates that  TAGN  is  completely  degraded  by 
micro-organisms. 

A  problem  in  the  studies  was  the  lack  of  a  quanti- 
tative method  for  detecting  TAGN.  The  high- 
performance  liquid  chromatography  used  for 
nitrate  and  nitrite  analyses  was  originally 


NH, 


HaM-MH-C-NH~  NH,»HNO,       ©* 


NH 


HeN-NH-C-NH-NH,4  N©7 


TAGN  Is  a  White  Crystalline  Powder  with  a  molecular 
weight  of  167.14.  Two  ways  of  representing  its  structure  are 
shown  here 

developed  to  follow  the  concentration  of  TAGN. 
However,  since  TAGN  dissociates  in  solution,  only 
the  nitrate  portion  of  the  compound  was  observec 
by  the  detector.  Thin-layer  chromatography  permit- 
ted sensitive  qualitative  detection  of  TAGN. 
Project  officer  David  Kaplan 
(617)  633-4983  or  AV  955-4983. 

FOR  ADDITIONAL  INFORMATION 

Vtou  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s) 

Bloconversion  of  Nitramine  Propellant  Wastewaters  —  Triaminoguanidine 

Nitrate. 

Order  number-  ADA 157860/NAA 

Price  code  A03 
Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 
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Research  and  Development 


I  oEPA        Project  Summary 


Small  Diameter  Gravity 
Sewers:  An  Alternative  for 
Unsewered  Communities 


A  3-year  laboratory  and  field  study 
was  undertaken  to  evaluate  small  di- 
ameter gravity  sewers  as  a  wastewater 
collection  alternative  to  conventional 
sewers.  The  objective  of  the  study  was 
to  develop  design  criteria  that  would 
minimize  costs  and  construction  and 
yet  maintain  reliable,  trouble-free  oper- 
ation. The  study  included  a  review  of 
the  design,  construction,  operation, 
and  costs  of  operating  systems,  de- 
tailed characterization  of  the  small  di- 
ameter gravity  system  in  Westboro, 
Wisconsin,  and  a  laboratory  investiga- 
tion to  develop  hydraulic  design  crite- 
ria. Study  results  indicate  that  small  di- 
ameter gravity  sewers  or  effluent 
drains  are  a  viable  and  less  costly  alter- 
native to  conventional  gravity  sewers 
in  unsewered  areas. 


Introduction 

Many  unsewered  communities  are 
facing  severe  financial  hardships  in 
providing  proper  wastewater  facilities 
for  their  citizens  because  of  the  high 
costs  of  conventional  sewerage  The 
most  costly  component  is  the  installa 
tion  of  the  wastewater  collection  sys- 
tem, which  can  represent  as  much  as 
90  percent  of  the  total  capital  costs  of 
the  facilities.  To  reduce  these  costs, 
communities  have  pursued  develop 
ment  of  less  costly  collection  alterna 


tives  such  as  pressure  and  vacuum  sew- 
ers. 

The  most  recently  introduced  collec- 
tion alternative  is  the  small  diameter 
gravity  (SDG)  sewer.  Unlike  conven- 
tional sewers,  SDG  sewers  only  collect 
the  liquid  portion  of  the  wastewater. 
Grit,  grease,  and  other  troublesome 
solids  that  might  obstruct  the  sewer  are 
separated  from  the  flow  in  interceptor 
tanks  upstream  of  each  connection. 
Thus,  the  hydraulic  design  need  not  be 
based  on  water  carriage  of  solids.  This 
feature  could  permit  significant  cost 
savings  in  construction. 

A  field  and  laboratory  study  was  un- 
dertaken to  assess  the  potential  of  efflu- 
ent drains  as  a  less  costly  alternative  to 
conventional  sewers  in  small  communi- 
ties and  urban  fringe  developments. 
The  obiectives  of  this  study  were  to: 

•  Review  current  effluent  drain  de- 
sign practices, 

•  Evaluate  unit  costs  of  construction 
for  effluent  drain  components, 

•  Monitor  and  characterize  an  operat- 
ing system, 

•  Evaluate  the  effects  of  drain  diame- 
ter, flow  velocity,  and  depressed 
drain  sections  on  the  operating 
characteristics,  and 

•  Develop  design  guidelines  and 
maintenance  procedures. 

Results 

A  review  of  10  operating  systems  in 
the  United  States  revealed  that  the  ex- 
perience with  SDG  sewers  has  been 
very  favorable  Construction  cost  sav- 
ings are  estimated  to  range  from  0  to 
50  percent  over  conventional  gravity 
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sewers.  The  use  of  fewer  and  smaller 
appurtenances  were  possible  to  facili* 
tate  maintenance  by  less  skilled  person- 
nel and  to  reduce  replacement  costs.  At 
the  treatment  plants,  headworks  and 
primary  sedimentation  were  eliminated 
or  reduced  in  size.  Reported  problems 
with  the  operation  of  SDG  sewers  were 
few  and  easily  corrected.  The  most  fre- 
quently reported  disadvantages  was  the 
need  to  enter  private  property  to  install 
and  maintain  the  interceptor  tanks. 

No  significant  inherent  problems 
have  appeared  with  SDG  sewers.  Ob- 
structions have  not  occurred  in  any  of 
the  systems,  despite  the  lack  of  routine 
cleaning.  Slime  growths  do  adhere  to 
the  pipe,  but  they  slough  off  continu- 
ously and  are  easily  carried  by  the  flow. 
Odors  can  be  a  problem  where  turbu- 
lent flow  occurs,  such  as  in  lift  stations 
or  in  lines  on  steep  gradients;  but  odor 
control  measures  have  been  effective. 
Building  sewers  that  are  in  poor  condi- 
tion and  cracked  interceptor  tanks  with 
poorly  fitting  covers  are  a  major  poten- 
tial source  of  infiltration  and  grit.  The 
use  of  existing  tanks  should  be  carefully 
considered,  and  new  tanks  should  be 
thoroughly  inspected. 

Routine  maintenance  needs  of  SDG 
sewers  appear  to  be  fewer  than  those 
for  conventional  sewers.  Because  SDG 
sewers  do  not  carry  larger  solids  and 
other  debris,  lift  stations  and  conduits 
do  not  need  regular  cleaning.  Only  the 
interceptor  tanks  require  regular  clean- 
ing. If  cleaning  of  the  SDG  sewer  be- 
comes necessary,  mechanical  equip- 
ment or  hydraulic  jetting  equipment  is 
appropriate.  Simple  flushing  with  clear 
water  is  very  effective.  Flush  volumes  of 
4  to  5  pipe  volumes  at  a  sufficient  head 
to  create  a  1 .5-  to  2  ft/sec  flow  velocity  is 
sufficient.  Such  volume  can  be  supplied 
by  a  fire  tank  truck. 

The  costs  of  SDG  sewer  construction 
were  significantly  less  than  those  of 
conventional  gravity  sewer  construc- 
tion. Bid  costs  from  the  projects  re- 
viewed averaged  $39.92/ft  of  drain  in- 
stalled and  $4,335  per  connection  (May 
1982  dollars).  These  costs  include  ser- 
vice connections  but  exclude  all 
non-construction  costs.  The  national  av- 
erage for  conventional  gravity  sewer 
construction  (adjusted  to  May  1982)  is 
$46.68/ft,  which  excludes  service 
connections  but  includes  all  non- 
construction  costs.  Installed  pipe  and 
interceptor  tank  installation  accounted 
for  more  than  50  percent  of  the  effluent 
drain  construction  costs. 

Recommended  Design 
Guidelines 

Based  on  this  work,  design  criteria 
were  recommended  for  SDG  sewers 
and  appurtenances  (Tables  1  and  2). 


Table  1  Recommended  Design  Guidelines  tor  SDG  Sewers 

Parameter  Recommendation 


Comments 


Design  (low 

10  gpm  connection 

May  be  reduced  if 
'forced  storage"  is  pro- 
vided 

Pipe  diameter 

Open  channel  flow 
Pressure  conduit  flow 

2  in.  minimum 
4  in    minimum 

No  connection  may  be 
larger  in  diameter  than 
the  collector  pipe 

Slope 

No  minimum 

Inflection  gradients  are 
permitted,  but  overall 
gradient  must  be  suffi- 
cient to  carry  design  flow 

Velocity 
Open  channel  How 
Pressure  conduit  How 

No  minimum 
0.5  fps  minimum 

Pipe  roughness  coefficient 
Manning's  m 
HazenWilliams  C„ 

0015 
100 

Alignment 

Curvillmear 

Horizontal  and  vertical 
planes 

Table  2.        Recommended  Appurtenances  lor  SDG  Sewers 
Appurtenance  Recommendation 


Comments 


Interceptor 
tank  size 


Inlet/outlet 


Material 


Access 


Cleanouts 


Manholes 


Lift  stations 


1,000  gal  minimum 


Baffled  with  0.25  ft 
minimum  drop 
across  tank 

Concrete 


Manhole  over  inlet 
with  watertight 
cover  to  grade 

At  /unctions,  termini, 
high  points,  major 
changes  in  direction, 
and  regular  intervals 

Major  junctions  and 
inspection  points 


Drop  inlets  and  air 
vent  to  buried  gravel 
bed  for  odor  control 


Liquid  surface  area  should 
be  40  ft2  minimum. 

Outlet  is  larger  than  pipe 
diameter. 


Must  be  watertight  and 
structurally  sound  to  with- 
stand anticipated  loads 

May  be  buried  if  necessary 
to  prevent  tampering. 


Because  of  their  low  cost, 
liberal  use  is  suggested. 
Aids  in  locating  pipe 


Use  should  be  limited  and 
covers  should  be  water- 
tight 

Large  solids  handling 
sewage  pumps  are  not  re- 
quired 


Richard  J  Otis  is  with  RSE  Group.  Madison.  Wl  53706 
James  F   Kreisst  is  the  EPA  Project  Officer  (see  below) 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


V  NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Toxic-Waste  Disposal  by  Drain-in-Fumace  Technique 

The  compact  furnace  could  be  moved  from  site  to  site. 


♦ 


Toxic  industrial  wastes  could  be  de- 
stroyed using  a  furnace  concept  devel- 
oped for  the  disposal  of  toxic  munitions. 
In  this  procedure,  the  toxic  waste  would 
be  drained  into  the  furnace  where  it 
would  be  incinerated  immediately. 

In  the  case  of  chemical  munitions,  first 
the  burster  well  would  be  breached  with  a 
perforating  mandrel,  then  temporarily  re- 
sealed  with  a  low-melting-point  wax  plug. 
Then  the  munition  would  be  inverted  in 
the  furnace  (see  figure),  and  the  gas  fires 
ignited.  The  hot  combustion  gases  would 
meit  the  wax  plug,  allowing  the  agent  to 
drain  quickly  from  the  munition.  The  re- 
maining thin  liquid  film  of  the  agent  would 
be  vaporized  quickly  when  the  tempera- 
ture of  the  shell  wall  reaches  its  boiling 
point. 

As  the  liquid  agent  flows  from  the  in- 
verted munition  onto  the  lower  bed  of  hot 
ceramic  balls,  it  would  be  spread  into  a 
thin  film  of  large  surface  area.  Here  it 
would  be  ignited  by  hot  combustion  air 
and  gases  rising  through  the  ceramic 
balls  from  the  natural-gas  burner.  The  re- 
sulting flames  and  hot  combustion  gases 
would  pass  directly  upward  over  the  mu- 
nition, thus  causing  its  own  combustion  to 
heat  it  directly.  Eleven  percent  of  the  heat 
of  combustion  of  the  6  lb  (2.7  kg)  of  agent 
VX  in  a  typical  100-lb  (45.4-kg)  round 
would  suffice  to  raise  the  temperature  of 
the  shell  to  1,000  °F  (538  °C). 

Immediately  above  the  main  furnace 
would  be  an  afterburner,  which  would  in- 
corporate hot  ceramic  balls,  possibly 
coated  with  a  combustion  catalyst,  to  de- 
stroy any  remaining  agent  by  providing 
additional  residence  time  at  high  temper- 
ature. Combustion  would  be  continued 
until  the  exhaust-gas  sampler  no  longer 
detects  any  traces  of  agent  and  the  shell- 
wall  temperature  has  reached  1,000  °F 
(538  °C).  The  gas  flame  would  then  be 
turned  off  and  the  shell  transfer  fixtures 
removed  from  the  chamber. 

The  small  combustion  chamber  would 
have  fireproof  doors  at  its  entry  and  exit 


In  the  Furnace  the  toxic  agent  is  rapidly  drained  and  destroyed  in  the  small  combustion 
chamber  between  upper  and  lower  layers  of  hot  ceramic  balls. 


side  Between  combustions,  the  muni- 
tions set  in  transfer  fixtures  would  be 
moved  into  and  out  of  the  chamber  by  a 
guideway  of  powered  rollers.  Roller 
guideways  are  simple  and  reliable  and 
would  not  present  any  sealing  problems 


in  the  air  locks. 

It  is  estimated  that  an  overall  cycle 
time  of  20  min  can  easily  be  achieved.  A 
total  of  ninety  155-mm  rounds  per  batch 
could  be  processed  in  a  combustion  fur- 
nace/afterburner combination  3  ft  wide  by 
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8  ft  high  by  24  ft  long  (0.9  m  wide  by  2.4  m  site,  as  could  the  deburstering  and  scrub-  Moynihan,  John  Houseman,  and  John  J. 

high  by  7.3  m  long).  Such  a  furnace  could  bing  equipment.  Kalvinskas  of  Caltech  for  NASA's  Jet 

be  mounted  on  a  10-  by  40-ft  (3-  by  12-m)  This  work  was  done  by  Leslie  E.  Propulsion  Laboratory. 

trailer  that  could  be  moved  from  site  to  Compton,  James  B.  Stephens,  Philip  I.  NPO-16579/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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f[    U.S.  Air  Force 


Air  Force  Engineering  and  Services  Center 

Tyndall  Air  Force  Base,  Florida 


Turbine  Engine  Exhaust  Hydrocarbon  Analysis 

Methods  of  sampling  and  analysis  of  jet  turbine  engine  emissions  were 
developed  and  applied  to  two  full-scale  engines  and  a  combustor  rig. 
This  research  provided  an  accounting  of  98  percent  of  the  organic 
emissions  and  an  evaluation  of  their  contribution  to  photochemical 
reactivity.     It  was  found  that  the  contribution  of  jet  aircraft  emissions 
to  photochemical  air  pollution  is  small,  and  probably  has  been  over- 
estimated in  the  past.     It  was  also  shown  that  combustor   rigs  may  not 
be  used  as  a  surrogate  for  full-scale  engines  when  studying  exhaust 
emissions. 

STAGE  OF  DEVELOPMENT 

Methods  of  sampling  and  analysis  were  developed  and  applied  to  full-scale 
engines  and  combustor  rigs.     Research  is  complete. 

APPLICATIONS 

These  data  are  applicable  to  all  DOD,   federal,   state,  and  local  govern- 
ment and  private  agencies  involved  in  the  evaluation  and/or  control  of 
air  pollution.     It  also  has  application  in  the  development  of  new  turbine 
engines  and  fuels. 

PATENT  STATUS 

No  patent  action  will  be  taken,  and  private  use  may  be  contemplated. 
The  USAF,  however,  has  not  determined  whether   such  use  may   infringe 
upon  privately  owned  patents,  if  any. 

PUBLICATIONS 

D.A.  Berry,  M.W.  Holden,  T.F.  Lyon,  R.M.  Riggin,   and  C.W.  Spicer, 
Turbine  Engine  Exhaust  Hydrocarbon  Analysis  Task   1    and  2,  ESL- 
TR-82-42. 

C.W.  Spicer,  M.W.  Holden,  T.F.  Lyon,  and  R.M.  Riggin,  Composition 
and  Photochemical  Reactivity  of  Turbine  Engine  Exhaust,  ESL-TR- 
84-28. 
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C.W.  Spicer,  M.W.  Holden,  T.F.  Lyon,  and  R.M.  Riggin,  Composition 
and  Photochemical  Reactivity  of  Turbine  Engine  Exhaust  (Further 
Investigations  of  Reactivity  and  Bioactivity),  ESL-TR-84-61 . 

FOR  ADDITIONAL  INFORMATION: 

FOR  ADDITIONAL  INFORMATION:    Contact:    Maj.  Richard  E.  Padgett, 
HQ  AFESC/RDV,  Tyndall  AFB  FL  32403;  (904)  283-2097.    Order  from 
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field, VA     22161.     Order  by  AD-A 1576443,  price  code:     A04. 
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1 229  Locating  Cracks  Amid  Pitting  and  Corrosion — Use  of  fluorscent  penetrants 
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1 162  Processing  Breakthroughs  Permit  Fabrication  of  First  Radiation-Hardened 
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Navy  Manufacturing  Technology 

AM^BF  Automated  Manufacturing  Research  Facility 

A  National  Bureau  of  Standards,  Gaithersburg,  MD  20899 
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Surface  Texture  ANSI  Standard 


In  conjunction  with  studies  on  sur- 
face texture  done  at  the  AMRF  In- 
spection Workstation,  NBS  researchers 
have  contributed  to  a  recently  ap- 
proved ANSI  standard.  A  section  on 
the  use  of  area  methods  in  measuring 
surface  texture  was  added  to  the 
standard  to  accommodate  work  in 
automated  manufacturing.  The  ref- 
erence to  this  version  of  the  standard 
has  been  updated  from  ANSI  B46.1- 
1978  to  ANSI/ASME  B46. 1-1985. 

Recognition  as  a  new  American 
National  Standard  was  granted  October 
7,  1985.  Ted  Vorburger,  a  member  of 
the  NBS  Micro  and  Optical  Metrology 
Group,  chaired  the  subcommittee  that 
updated  the  standard. 

A  surface,  although  very  complex 
in  character,  can  generally  be  defined 
as  the  boundary  which  separates  an 
object  from  an  adjacent  object,  sub- 
stance, or  space.  The  newly  approved 
standard  deals  with  the  texture  of  a 
surface.  It  defines  the  elements  of 
surface  texture:  roughness,  waviness, 
lay  and  flaws  as  well  as  surface  texture 
itself  and  deals  with  the  height,  width, 
and  direction  of  surface  irregularities. 
The  standard  contains  specifications 
for  both  precision  reference  and 
roughness  comparison  specimens  and 
establishes  requirements  for  roughness 
measuring  instruments. 


Area  methods  are  those  techniques 
that  measure  a  finite  area  of  a  surface 
and  produce  quantitative  results  that 
rely  on  area  averaged  properties  of  the 
surface  texture.  These  techniques  in- 
clude surface  capacitance,  optical  scat- 
tering, pneumatic  gaging,  and  various 
speckle  techniques.  When  used  care- 
fully with  calibrated  roughness  com- 
parison specimens  or  pilot  specimens, 
they  can  differentiate  surface  textures 
of  parts  manufactured  by  similar 
processes.  These  techniques  also 
produce  useful  results  in  repetitive 
surface  roughness  measurements  of 
components  from  a  production  run. 
Therefore,  they  are  extremely  impor- 
tant in  untended  manufacturing. 

Current  laboratory  studies  to 
quantify  light  scattering  from  rough 
surfaces  combined  with  practical  mea- 
surements using  the  optical  roughness 
gauge  at  the  AMRF  Inspection  Work- 
station are  leading  to  improved  under- 
standing of  surface  measurement  by 
light  scattering. 

Continued  research  on  surface  tex- 
ture at  the  AMRF  will  contribute  to 
advances  in  standards  work  on  area 
methods  particularly  in  optical  scatter- 
ing techniques. 


For  Additional   Information 

Contact  TedVorburger,  Building  220 
Room  A-1 1 7,  National  Bureau  of 
Standards,  Gaithersburg,  MD  20899; 
(301)  921-2159. 
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fWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Effects  of  Gear-Cutter  Geometry  on  Performance 

Bending  stress  is  reduced  by 
improving  tooth-fillet  design. 

Aircraft  gas-turbine  engines  generally 
operate  at  shaft  speeds  ranging  from 
10,000  to  30,000  rpm.  To  harness  this 
power  and  to  reduce  the  engine  speed  to 
the  desired  rom,  the  power-transmission 
industry  has  been  developing  high- 
performance  power-transmission  systems. 
A  recently  completed  research  ad- 
dressed the  gear-tooth  geometry  and  ex 
plored  how  various  design  parameters 
affect  gear  tooth  bending  strength,  com- 
pressive strength,  noise,  and  vibration 

It  was  demonstrated  and  verified,  us- 
ing mechanical  and  computer  models, 
that  gear-cutter  geometry  has  a  signifi- 
cant impact  on  the  calculated  bending 
stresses  Using  the  optimized  gear-cut- 
ter design  technology  of  this  work,  the 
gear  designer  can  reduce  the  bending 
stresses  by  up  to  20  percent  This  re- 
duction in  bending  stress  is  a  result  of  the 
improved  geometry  of  the  tooth  fillet, 
which,  in  turn,  results  in  a  significant  im- 
provement in  horsepower-per-pound 
ratio.  The  results  of  this  work  can  be  sum- 
marized as  follows: 

•  A  definite  relationship  exists  between 
the  pitting  resistance  and  bending 
strength  of  gear  teeth  This  relationship 
is  controlled  by  the  selected  allowable 
compressive  and  bending  stresses.  For 
high-quality  aircraft-type  gearing,  the 
various  modifying  factors  used  to  cal- 
culate working  stresses  have  no  effect 
on  the  relationship  between  pitting  re- 
sistance and  bending  strength,  al- 
though they  may  affect  the  selection  of 
the  allowable  stresses  The  balancing 
of  gear-tooth  designs  for  pitting  resis- 
tance and  bending  strength  can  there- 
by be  accomplished  by  manipulation  of 
the  geometry  factors  "I"  and  "J"  for  pit- 
ting resistance  and  bending  strength, 
respectively. 
•  Using  the  new  AGMA  Standard  218.01 
as  a  guide,  computer  programs  for  cal- 
culating gear-tooth  geometry  factors 
"I"  and  "J"  and  the  mechanical  mode! 
of  the  gear-tooth  generating  machine 
have  been  shown  to  be  valid  tools  for 


PARAMETER  VARIATIONS 

• 

J 

Addendum 

1.00   t0    1.50 
Pd            Pd 

Increase 
20% 

Increase 
45% 

Oedendum 

1.40   ,0    1.15 
Pd            Pd 

No 
Effect 

Increase 
15% 

Pressure  Angle 
18.5°  to  25° 

Increase 
20% 

Increase 
35% 

Helix  Angle 
0°to20° 

Increase 
50% 

Increase 

36% 

Face-to-Dlameter  Ratio 
0.4to1.1 

Increase 
21% 

Increase 
50% 

The  Gear-Tooth  Geometry  Factors  "I"  and  "J"  for  pitting  resistance  and  bending  strength, 
respectively,  are  increased  by  changing  the  geometry  of  the  tooth  fillet. 


determining  geometry  factors  for  modi- 
fied gear-tooth  forms 
For  AGMA  standard  long/short  adden- 
dum, i.e.,  pinion  addendum  equal  to 
125  percent  of  standard  and  gear  ad- 
dendum equal  to  75  percent  standard, 
pitting  resistance  tends  to  control  the 
design  of  external  meshes,  and  bend- 
ing strength  tends  to  control  the  design 
of  internal  meshes. 

Significant  changes  in  gear-tooth  ge- 
ometry factors  "l"and  "J"  can  result 
when  certain  gear-tooth  design  param- 
eters are  varied.  Increases  in  the 
values  of  "I"  and  "J"  represent  in- 
creased capacity  for  the  gear  mesh 
During  this  work,  one  parameter  was 
varied  as  others  were  held  constant  At 
a  gear  ratio  of  2.5  to  1,  the  table  sum- 
marizes some  approximate  effects  on 
pinion  "I"  and  "J"  as  the  noted  parame- 
ters are  varied.  Improvements  in  "I" 


and  "J"  tend  to  peak  in  the  range  be- 
tween 15°  and  20°  for  helix-angle  varia- 
tion. Improvement  in  "I"  as  listed  is  for 
a  15°  helix  angle 

In  light  of  the  increases  which  can  be 
accomplished  in  geometry  factors,  a 
transmission  design  rated  at  450  hp 
(340  kW)  could  be  uprated  to  525  to 
550  hp  (390  to  410  kW)  using  improved 
gear-tooth-geometry,  high-contact-ratio 

helical  gears  of  the  same  size  and 
weight.  These  gears  should  run  quieter 
and  smoother  than  the  spur-gear 
system. 

This  work  was  done  by  Dezi  Folenta  of 
Transmission  Technology  Co.,  Inc.,  for 
Lewis  Research  Center. 

"Study  of  Gear  Geometry/High  Contact 
Ratio  Affecting   High  Performance 
Helicopter  Transmissions. " 
LEW-14243  /77V 
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Acoustic  Translation  of  an  Acoustically  Levitated  Sample 

A  sample  can  be  moved  quickly  from  hot 
to  cold  regions  in  the  levitation  chamber. 


An  acoustic-levitation  apparatus  uses 
only  one  acoustic  mode  to  move  a  sam- 
ple from  one  region  of  a  chamber  to 
another.  The  sample  can  be  heated  and 
cooled  quickly  by  translation  between  hot 
and  cold  regions  of  the  levitation  cham- 
ber. 

Thus  far,  acoustic  levitators  have  been 
tested  successfully  in  chambers  of  uni- 
form temperature.  Because  of  the  large 
mass  of  the  furnace  surrounding  levita- 
tion cells,  these  chambers  require  a  con- 
siderable amount  of  time  to  change  their 
temperatures.  Hence,  they  are  unsuit- 
able for  containerless  experiments  re- 
quiring quick  cooling  of  the  processed 
sample. 

Samples  can  be  cooled  quickly  in  the 
system  shown  in  the  figure.  A  long,  round 
cylindrical  acoustic  resonator  is  excited 

ttwo  transducers  positioned  1 80°  apart 
the  cold  end.  For  a  uniform-tempera- 
ture system,  the  resonance  frequency 
decreases  as  the  length  of  the  chamber 
increases,  according  to  the  following 
equation  for  the  normal-mode  resonant 
frequency: 

ftmnrij)  =  (c/2a)[a2mn  +  (nza/l2)T! 

where  c  is  the  speed  of  sound,  a  and  lz 
equal  the  radius  and  length  of  the  res- 
onator, respectively,  and  amn  is  a  con- 
stant depending  on  the  values  of  m  and  n. 
For  a  real  levitation  system,  this  equation 
will  be  modified  slightly  by  such  perturba- 
tion effects  as  those  due  to  the  acoustic 
ports,  waveguides,  and  temperature  gra- 
dients. 

By  driving  the  transducers  out  of 
phase,  one  obtains  maximum  acoustic 
power  coupled  to  the  (102)  resonant 
mode  and  nearly  zero  power  coupled  to 
various  plane-wave  modes  that  would  in- 
terfere with  the  levitation  forces.  The 
(102)  mode  produces  acoustic  forces 
that  position  a  sample  at  the  center  of  the 
chamber.  Thus,  as  the  chamber  is 
lengthened  by  raising  the  plunger,  the 
central  levitation  position  is  raised,  carry- 
ing the  sample  along  with  it. 


A  Lavttated  Sample  Is  Raised  into  the  furnace  region  by  raising  the  plunger:  The  frequency 
of  the  sound  produced  by  the  transducers  is  adjusted  by  the  feedback  system  to  maintain 
the  (102)  resonant  mode,  which  levitates  the  sample  midway  between  the  transducers  and 
the  plunger  regardless  of  the  plunger  position. 


The  feedback  system  shown  in  the 
figure  continuously  adjusts  the  acoustic 
frequency  to  track  the  resonant  mode  as 
the  chamber  length  changes  and  to  com- 
pensate for  the  perturbations.  The 
acoustic-oscillation  frequency  is  mod- 
ulated at  a  low  frequency  about  the 
resonance  value.  A  microphone  meas- 
ures the  chamber  acoustic-pressure 
signal,  and  a  phase-sensitive  detector 
measures  the  magnitude  and  sign  of  the 
received  modulated  signal.  For  a  properly 
calibrated  system,  this  detected  modula- 
tion signal  will  be  zero  at  the  chamber 
resonance. 

When  the  resonance  frequency 
changes  due  to  the  plunger  motion  or 
other  causes,  the  detected  modulation- 
error  signal  can  be  used  to  change  the 
frequency  of  the  oscillator  to  maintain 


continuously  chamber  resonance.  The 
detected  modulation  signal  can  be  fed 
back  to  the  oscillator  by  analog  or  digital 
means. 

With  this  system  the  sample  would  be 
heated  and  then  cooled  quickly  by  being 
inserted  into  the  cool  (lower)  region  of  the 
resonator,  raised  into  the  heated  region 
by  the  rising  plunger,  and  then,  after  it 
had  been  processed  at  the  desired  tem- 
perature, quickly  lowered  to  the  cold 
region  by  the  descending  plunger  After 
the  sample  has  cooled,  it  can  be  removed 
and  replaced  by  a  new  sample 

In  one  of  the  variations  of  this  system. 
the  plunger  would  remain  above  the  fur- 
nace to  eliminate  delays  caused  by  the 
heating  and  cooling  of  the  plunger. 
Another  version  uses  a  telescoping 
chamber  instead  of  a  plunger.  When  tem- 
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perature  uniformity  of  the  sample  is  ex- 
tremely important,  the  cylinder  could  be 
curved  through  the  furnace  region  so  that 
the  sample  will  be  almost  completely  sur- 
rounded by  uniform  radiant  heat.  Sample 
quick  cooling  can  also  be  accomplished 
using  other  (10nz)  modes  with  n2  >  2.  As 
nz  increases,  the  sample  movement 
relative  to  the  plunger  motion  can  be  in- 
creased, thus  enhancing  the  quick- 
cooling  process. 


This  work  was  done  by  Martin  B. 
Barmatz  and  James  L  Allen  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-16675.  /TN 


NASA  Resident  Office-JPL 

Technology  Utilization  Officer: 

Gordon  S.  Chapman 

Mail  Stop  180-801 

4800  Oak  Grove  Drive 

Pasadena,  CA  91109 

(818)354-4849 

Patent  Counsel: 

Paul  F.  McCaul 

Mail  Code  180-801 

4800  Oak  Grove  Drive 

Pasadena,  CA  91 109 

(818)  354-2734 
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Adjustable  Tooling  for 
Bending  Brake 

Deep  metal  boxes  and  other 
parts  are  easily  fabricated. 

An  adjustable  tooling  jig  for  a  bending 
brake  accommodates  spacing  blocks  and 
either  a  standard  male  press-brake  die 
or  a  bar  die.  By  increasing  the  free  space 
available  for  bending  sheet-metal  parts, 
the  jig  makes  it  easier  to  fabricate  such 
items  as  deep  metal  boxes  or  brackets 
with  right-angle  bends. 

As  shown  in  Figure  1 ,  the  jig  is  inter- 


posed between  the  press  brake  and 
one  of  the  press-brake  dies  —  in  this 
case,  the  male  die.  Spacer  blocks  are 
fabricated  to  the  required  dimensions 
as  needed  by  cutting  them  from  metal 
scraps. 

To  make  deep  metal  boxes,  the  jig  is 
used  in  the  configuration  of  Figure  1 
(spacer-block  mode).  A  typical  forming 


operation  in  this  mode  is  shown  at  the 
top  of  Figure  2. 

To  fabricate  smaller  parts  with  multi- 
ple right-angle  bends,  the  window-die 
mode  is  used.  In  this  configuration,  the 
press-brake  die  is  removed  from  the 
bottom  of  the  jig,  and  a  round  or  square 
bar  is  clamped  between  the  upper  and 
lower  90°  grooves.  The  bar  then  serves 


Figure  1.  The  Adjustable  Tooling  Jig  holds  spacer  blocks,  a  press-brake  die,  a  bar  win- 
dow die,  or  a  combination  of  the  three. 
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as  the  male  bending  die,  cooperating  with        A  forming  operation  in  the  window-die  This  work  was  done  by  James  M.  Ellis 

a  female  die  consisting  of  a  grooved  block        mode  is  shown  in  the  lower  half  of         of  Johnson  Space  Center. 
placed  on  the  lower  press-brake  surface.        Figure  2.  MSC-20730  /TN 


JIG  BEFORE  INSTALLATION 


JIG  INSTALLED: 
ABOUT  TO  MAKE  A  BEND 


BEND  COMPLETED 


JIG  IN  PLACE: 
STRIP  NOT  YET  INSERTED 


STRIP  BEING  BENT 


BENT  STRIP  REMOVED 
FROM  DIES 


Figure  2.  Typical  Bending  Operations  include  the  bending  of  a  cut  metal  sheet  into  a  box  (above)  and  the  bending  of  a  metal  strip  into  a 
bracket  with  multiple  inward  90°  bends  (below) 
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Depositing  Diamondlike  Carbon  Films 

Radio-frequency,  plasma,  and  ion-beam 
techniques  are  used. 


♦ 


A  new  process  has  been  demon- 
strated to  make  thin  films  (usually  thou- 
sands of  angstroms  to  a  few  microns 
thick)  that  have  the  properties  of  diamonds. 
These  diamondlike  properties  include  high 
scratch  resistance,  high  electrical  resis- 
tivity, high  thermal  conductivity,  insolubility 
in  concentrated  H2SO4/HNO3,  and  opti- 
cal properties  that  include  high  transmit- 
tance  at  visible  wavelengths. 

There  have  been  many  publications  re- 
porting efforts  to  produce  carbon  thin 
films  with  diamondlike  properties.  Various 
plasma  and  ion-beam  techniques  have 
been  employed  to  generate  the  films.  The 
films  can  be  made  by  radio-frequency 
plasma  decomposition  of  a  hydrocarbon 
gas  or  other  alkanes,  by  low-energy 
carbon-ion-beam  deposition,  or  by  ion 
plating  and  a  dual  ion  technique  using  a 
carbon  target. 

Disadvantages  of  this  prior  art  include 
the  following: 

•  The  quality  of  the  films  produced  is 
such  that  the  films  appear  to  have  a  low 
electrical  conductivity  (1  to  10  Q-cm), 
greater  optical  absorption  (105  cm  1), 
less  resistance  to  chemical  attack 
(3H2S04/1HN03),  and  the  films  are 
softer  and  less  dense. 

•  In  some  of  the  other  techniques  used  to 
produce  diamondlike  films,  the  size  of 
the  substrate  to  be  coated  is  limited. 
Also,  the  deposition  rates  are  not  as 
high. 

•  Another  disadvantage  is  that  because 
of  the  inability  to  control  enough  inde- 
pendent parameters,  the  films  pro- 
duced are  stressed. 

This  unique  process  was  developed  to 
achieve  films  of  superior  quality;  i.e.,  thin 
films  that  have  the  properties  of  dia- 
monds. These  thin  films  can  be  achieved 
by  the  following  four  processing  steps: 

1 .  Two  ion  sources,  shown  in  the  config- 
uration in  the  figure,  were  used  to  gen- 
erate the  films. 

2.  The  substrate  (quartz,  silicon,  metals) 
is  first  exposed  to  an  argon  ion  beam 
to  clean  absorbed  gases  and  contami- 
nants from  its  surface  at  energy  levels 
between  500  and  1,000  eV  and  cur- 
rent densities  of  0  5  to  2  mA/cm2. 


This  Dual-Beam  Ion  Source  deposits  films  with  properties  like  those  of  diamonds. 


A  30-cm  hollow-cathode  ion  source 
with  its  optics  masked  to  10  cm  (as  in 
the  figure)  is  then  used  to  deposit  dia- 
mondlike films  directly  on  a  substrate 
Argon  gas  is  used  in  a  hollow  cathode 
to  establish  a  discharge,  and  then  CH4 
(methane)  or  other  hydrocarbons  are 
introduced  into  the  discharge  cham- 
ber as  the  main  flow  The  ideal  ratio  of 
CH4  molecules  to  Ar  atoms  necessary 
to  generate  the  films  is  28  percent  with 
energy  levels  between  80  and  150  eV 
Ideal  energy  levels  for  generation  of 
the  films  are  100  eV.  With  this  energy 
level,  it  is  necessary  to  have  an  accel- 
erator voltage  of  -  600  V  to  extract  a 
beam 

To  initiate  a  film,  it  is  absolutely  neces- 
sary for  the  current  density  to  be  low 
during  initial  deposition  at  the  sub- 
strate (a  typical  value  is  one-half  or 
less  of  the  current  density  during  full 
deposition)  for  periods  of  time  varying 


from  3  to  30  mm,  depending  on  the 
substrate  material.  After  this  initial 
low-current  condition,  the  30-cm 
hollow-cathode  ion  source  is  set  at  the 
full-power  current  conditions,  and 
then  the  8-cm  ion  source  using  Ar  gas 
at  200  to  500  eV  is  turned  on  with  a 
current  density  at  the  substrate  of  25 
fWcm2  This  addition  of  energy  to  the 
system  increases  mobility  of  the  con- 
densing atoms  and  also  serves  to 
remove  lesser  bound  atoms.  Typical 
deposited  rates  at  these  conditions 
are  70  to  80  A/min.  Liquid  nitrogen 
was  used  in  cold  traps  of  the  diffusion 
pumps  and  the  cryoliner  of  the  vacu- 
um system  during  the  deposition 
process. 
The  advantages  of  this  new  process 

over  others  are  that  the  films  produced. 

though  amorphous,  are  clear,  extremely 

hard,  chemically  inert,  of  high  resistivity. 

and  have  an  index  of  refract  on  ol  .;  I  — 
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properties  that  are  similar  to  those  of 
single-crystal  diamonds.  These  films 
have  possible  uses  in  microelectronic  ap- 
plications, high-energy-laser  and  plastic 
windows,  corrosion  protection  for  metals, 
and  other  applications  where  the  desired 
properties  of  the  film  can  be  shaped  dur- 
ing the  film-formation  process. 

This  work  was  done  by  Michael  J. 
Mirtich,  James  S.  Sovey,  and  Bruce  A. 


Banks  of  Lewis  Research  Center.  Fur- 
ther information  may  befound  in  NASA 
TM-83743  [N84-31512/NSP],  -Dual  Ion 
Beam  Deposition  of  Carbon  Films  with 
Diamond  Like  Properties"  [A02]  A  copy 
may  be  purchased  [prepayment  required] 
from  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161. 

This  invention  has  been  patented  by 
NASA  [U.S.  Patent  No.  4,490,229].  Inquir- 


ies concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent  Coun- 
sel. Lewis  Research  Center 
Refer  to  LEW-14080/TN 
Lewis  Research  Center 
Technology  Utilization  Officer:  a 

Daniel  G.  Soltis  I 

Mail  Stop  7-3  * 

21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5567 
Patent  Counsel: 
Gene  E.  Shook 
Mail  Code  60-2 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5753 
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Electrochemical  Process  Makes  Fine  Needles 

The  improved  process  is  less  tedious  than  manual  dipping  and  can  be  left  unattended. 


An  electrochemical  process  makes 
fine  tungsten  needles  for  use  as  micro- 
scopic probes  or  field-emission  cathodes. 
Until  now,  fine  needles  were  produced 
from  tungsten  wire  by  tedious  manual 
dipping  in  an  etching  solution,  with  care- 
ful minute-by-minute  inspection  to  deter- 
mine when  the  etching  should  be  stopped. 
The  improved  process  does  not  require 
close  monitoring  and  can  be  left  unat- 
tended for  an  indefinite  time. 

The  process  uses  sodium  hydroxide  in 
water  as  a  caustic  etching  liquid  and  tri- 
chloroethylene,  a  denser,  immiscible,  in- 
ert fluid  underneath  the  etchant.  As 
shown  in  the  figure,  the  tungsten  wire  is 
suspended  from  above  the  etching  ves- 
sel; the  lower  end  of  the  wire  is  in  the  tri- 
chloroethylene.  A  copper  electrode  is 
placed  elsewhere  in  the  vessel.  An  alter- 
nating voltage  —  usually  6  to  7  V  —  is  ap- 
plied between  the  wire  and  the  electrode. 

Wires  of  0.010-  to  0.015-in.  (0.25-  to 
0.3&mm)  diameter  are  etched  in  5  to  10  min. 
The  portion  of  the  wire  in  the  etchant 
gradually  thins  to  a  filament,  then  breaks 
into  two  segments  having  pointed  ends. 
The  lower  segment  sinks  into  the  trichlor- 
oethylene  and  is  not  etched  any  further.  A 
can  or  other  support  may  be  placed  at  the 
bottom  of  the  vessel  to  catch  the  sinking 
needle  and  protect  the  tip. 

The  newly  formed  needle  can  be  lifted 
out  with  forceps  or  left  at  the  bottom  of 
the  vessel  while  new  segments  of  wire 
are  etched.  If  the  apparatus  is  left  unat- 
tended as  a  needle  is  formed,  no  harm  is 
done:  The  needle  falls  to  the  bottom  as 
usuai,  and  the  upper  wire  segment  in  the 
caustic  solution  eventually  dissolves 
completely,  interrupting  the  electrical 
current.  In  principle,  the  process  can  ac- 
commodate dozens  of  wires  connected 
electrically  in  parallel,  so  that  many 


ac  Power  Source 
0  to  10  V 


Tungsten  Wire 
To  Be  Etched 


Copper 
Electrode 


Needle-Supporting 
Can 


(Etching 
Vessel 


The  Etching  Vessel  is  filled  with  a  dense,  inert  lower  liquid  covered  by  a  less-dense,  caus- 
tic etching  solution.  The  newly  formed  needle  breaks  off  the  upper  part  of  the  wire  in  the 
etchant  and  falls  into  the  can  in  the  inert  liquid  below. 


needles  can  be  formed  in  one  batch. 

This  work  was  done  by  John  L.  Watkins 
of  Caltech  for  NASA's  Jet  Propulsion 


Laboratory.  NPO -16311  fTN 
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Non  Back  Drivable,  Freewheeling  Coupling 


Cables  can  be  reeled  in  and  out 
with  less  risk  of  tangling. 


An  overrunning  clutch  transmits  for- 
ward rotary  power  from  a  driving  unit  (for 
example,  a  motor  or  a  hand  crank)  but 
does  not  allow  the  driven  unit  to  transmit 
power  to  the  driver.  The  clutch  allows  the 
driven  unit  to  turn  freely  forward  faster 
than  the  driver;  that  is,  to  freewheel.  If  the 
driven  unit  reverses  its  direction  of  Na- 
tion, the  clutch  disengages  the  driving 
and  driven  units,  allowing  reverse  free- 
wheeling. 

The  clutch  contains  a  driving  plate  and 
a  driven  plate  on  separate  coaxial  shafts 
(see  figure).  The  opposing  faces  of  the 
plates  hold  ramp-shaped  (ratcheting) 
teeth.  The  driven  plate  is  fixed  to  its  shaft, 
but  the  driving  plate  is  splined  on  its  inside 
circumference  and  is  free  to  slide  axially 
on  the  splined  driving  shaft.  The  driving 
plate  has  helical  grooves  in  its  outside  cir- 
cumference; ball-point  screws  in  the 
housing  around  the  driving  plate  ride  in 
these  grooves. 

When  the  hand  crank  (or  motor)  turns 
the  driving  plate  in  the  forward  direction 
(counterclockwise  in  the  figure)  faster 
than  the  driven  plate,  the  ball  points  en- 
gage the  helical  grooves,  moving  the  driv- 
ing plate  against  the  driven  plate  and  en- 
gaging the  teeth.  The  driving  plate  then 
transmits  power  to  the  driven  plate 
through  the  engaged  teeth. 

When  the  clutch  is  engaged,  but  not 
transmitting  power,  and  the  driven  side 
rotates  forward  faster  than  the  driving 
plate,  the  ramped  teeth  push  the  plates 
apart.  The  driven  plate  then  turns 
independently. 

When  the  clutch  is  engaged  and  the 
driven  side  starts  to  turn  backward  (clock- 
wise in  the  figure),  the  teeth  rotate  the 
driving  plate  backward  only  briefly;  the 
driving  plate  slides  on  its  grooves  until  the 
teeth  disengage.  No  further  motion  is 
transmitted  from  the  driven  plate  to  the 
driver. 


Opposing  Teeth  Engage  with  clockwise  rotation  and  disengage  with  clockwise  rotation 
of  the  crank.  The  driving  plate  moves  axially  with  respect  to  the  driven  plate  on  ball  points 
to  engage  and  disengage. 


The  clutch  was  developed  for  reeling 
and  unreeling  a  tether  line  used  to  link  an 
astronaut  to  a  space  vehicle.  It  allows  the 
line  to  be  pulled  out  freely  and  helps  to 
prevent  the  line  from  tangling  in  the  reel 
housing  when  the  crank  is  turned  back- 
ward. The  new  clutch  concept  may  also 
be  applicable  to  fishing  reels,  toys,  and 
safety-line  mechanisms. 

77j/s  work  was  done  by  W.  R.  Uewellin 
of  Martin  Marietta  Corp.  for  Johnson 
Space  Center. 


This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center 
Refer  to  MSC-20475  /TN 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 
William  Chmylak 
Mail  Code  AL32 
Houston  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Marvin  F.  Matthews 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Eliminating  Thermal  Cracks  in  Flange/Duct  Joints 


Heat  and  pressure  during  bonding  allow 
joints  to  accommodate  expansion. 


An  improved  technique  for  attaching  an 
aluminum  flange  to  an  aramid/epoxy  duct 
prevents  the  subsequent  development  of 
cracks  in  the  joint  during  thermal  stress. 
Previously,  the  flange  was  bonded  to  the 
outside  surface  of  the  duct  (see  Figure  1 ).  In 
service,  leaks  occurred  at  the  bond  line 
when  temperature  and  pressure  rose.  The 
attachment  method  made  no  allowance  for 
the  differing  thermal  expansion  rates  of 
aluminum  and  aramid/epoxy. 


In  the  new  method,  the  flange  is  butted 
against  the  cylindrical  mold  on  which  the 
duct  is  to  be  fabricated.  The  flange  has  a 
tapered  neck  so  that  it  will  nest  in  the  duct 
opening.  The  epoxy-impregnated  aramid 
tape  is  wrapped  around  the  mold  so  that  the 
tape  overlaps  the  flange  (see  Figure  2). 
While  the  tape  is  being  wrapped,  pressure  is 
applied  to  it  and  the  inside  of  the  flange  as 
they  are  heated  uniformly  to  the  maximum 
expected  operating  temperature  The  heat 


and  pressure  are  maintained  until  the  ara- 
mid/epoxy laminations  have  cured. 

The  new  method  produces  reliable 
bonds.  Flanged  ducts  have  been  tested  at 
temperatures  ranging  from  -150  to 
+  350°F  (-100  to  +180°C)  and  pres- 
sures of  up  to  100  lb/in.2  gauge  (790  kPa) 
through  100  cycles  without  flange/duct 
separation. 

This  work  was  done  by  James  E.  Adams 
of  Rockwell  International  Corp.  for  Johnson 


■ 


Figure  1.  In  the  Older  Design  (right),  the 
flange  was  slid  onto  the  duct,  and  additional 
layers  of  aramid/epoxy  duct  material  were 
wound  to  form  the  joint.  In  the  new  design 
(left),  the  duct  is  wound  onto  the  flange. 


NEW 


OLD 
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Figure  2.  The  New  Configuration  for  Bond- 
ing a  flange  to  a  duct  allows  for  the  large 
difference  in  thermal  expansion  between 
aluminum  and  aramid/epoxy.  The  old  con- 
figuration, in  contrast,  cracked  at  the  joint 
between  the  two  parts.  Dimensions  are  in 
inches  (millimeters). 
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Filters  for  Submillimeter  Electromagnetic  Waves 

Stacked  square  wires  are  plated,  fused, 
and  etched  to  form  arrays  of  holes. 


♦ 


A  new  manufacturing  process  is  ex- 
pected to  produce  filters  that  are  strong, 
yet  have  the  small,  precise  dimensions  and 
smooth  surface  finish  essential  for  dichroic 
filtering  at  submillimeter  wavelengths. 
Many  filters,  each  one  essentially  a  wafer 
containing  a  fine  metal  grid  (see  figure), 
can  be  made  at  the  same  time. 

The  starting  material  is  the  wires.  They 
should  be  square  in  cross  section  and 
straight  with  sharp  corners  and  smooth 
sides.  The  square-cross-section  wires  can 
be  made  by  drawing  round  wires  through  a 
die.  A  die  composed  of  four  silicon  carbide 
side  plates  held  in  a  clamping  block  would 
ensure  the  sharp  edges  needed  for  accu- 
rate filtering. 

The  wires  are  cut  to  lengths  of  about  24 
inches  (61  centimeters),  suitable  for  the 
depth  of  the  available  plating  tank.  The 
wires  are  suspended  in  an  electroless  nick- 
el-plating bath,  and  a  coating  of  nickel  is 
formed  on  them.  (Electroless  plating  is 
used  because  it  gives  a  fairly  even  nickel 
coat,  wheras  electroplating  builds  up  un- 
desired  thickness  along  the  wire  edges.) 
Optionally,  the  wires  may  then  be  coated 
with  a  thin  layer  of  pure  tin  to  facilitate 
subsequent  soldering.  The  combined  thick- 
ness of  nickel  and  tin  should  be  less 
than  one-twentieth  the  thickness  of  a 
wire.  The  nickel-plated,  tinned  wires  are 
cut  to  a  length  of  2  inches  (5  cen- 
timeters). Two  semicylindrical  bundles 
of  the  cut  wires  are  stacked  in  a  semi- 
cylindrical  aluminum  trough  and 
clamped  in  the  trough  by  a  flat  plate  on 
the  open  diameter  so  that  the  wires  are 
oriented  uniformly  with  flat  surfaces 
parallel  to  the  plate.  The  trough  and 
strips  are  placed  in  a  furnace  and 
heated  to  melt  the  tin.  (The  tin  does  not 
adhere  to  the  aluminum.) 

In  a  faster  and  easier  version  of  the 
process,  the  wires  are  packed  directly 
into  brass  semicylinders.  With  the  semi- 
cylinders  clamped  together,  the  as- 
sembly is  fused  or  subjected  to  capillary 
sweating  with  G35n/37Pb  solder. 

After  cooling,  the  two  bundles  in  their 
solid  tin  matrix  are  clamped  between 
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A  Grid  of  Nickel  and  Tin  is  held  in  a  brass  ring.  The  wall  thickness,  the  thickness  of  the 
filter  (hole  depth),  and  the  lateral  hole  dimensions  all  depend  upon  the  operating  fre- 
quency and  filter  characteristics.  The  dimensions  shown  are  for  a  filter  with  a  center 
wavelength  of  1.4  millimeters.  The  thickness  of  the  filter  is  1.2  millimeters. 


tinned  brass  half  cylinders,  having  an 
outside  diameter  equal  to  the  required 
outside  diameter  of  the  finished  filter 
They  are  placed  in  the  furnace  and  fus 
ed  together.  The  cylinder  thus  formed  is 


sawed  into  wafers,  then  lapped  and 
polished  to  the  thickness  required  for 
the  cutoff  frequency  The  wire  cores  are 
electrolytically  etched  from  the  wafers, 
leaving  a  grid  of  nickel  in  the  solder  or 
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tin  matrix.  A  subsequent  thin  gold  plate 
of  the  etched  wafer  will  assure  good 
electrical  performance. 

The  wire  may  be  aluminum,  copper, 
brass,  silver,  or  other  material.  The  etching 
electrolyte  contains  ions  of  the  wire  metal 
only.  With  the  wire  cores  connected  as 
anodes,  the  cores  are  etched  awav.  With 
the  proper  choice  of  etching  conditions, 
the  nickel  plate  and  solder  should  not  be  at- 
tacked significantly. 


This  work  was  done  by  C.  Martin 
Berdahl  of  Caltech  for  NASA's  Jat  Pro- 
pulsion Laboratory. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  NASA  Resi- 
dent Office  -  JPL  Refer  to 
NPO- 16498. 
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Receptacle  for  Optical-Fiber  Scraps 

Small  pieces  of  glass  are  trapped  by  moving  air. 


A  safety  device  holds  small  scraps  of 
glass  optical  fibers  until  disposal.  The 
scraps  are  cleaved  and  broken  pieces  pro- 
duced during  splicing  and  other  manufac- 
turing operations.  These  scraps  are  haz- 
ardous: Made  of  clear  glass  and  typically 
only  125fim  in  diameter,  they  penetrate  the 
skin  easily  and  are  difficult  to  see  to  re- 
move. Previously,  the  pieces  were  stored 
until  disposal  on  the  adhesive  sides  of  tape 
strips.  However,  the  scraps  are  extremely 
light  in  weight  and  do  not  adhere  well;  after 
the  tape  becomes  loaded,  additional  fibers 
do  not  contact  the  adhesive. 

The  device  (see  figure)  traps  the  fibers  in 


a  section  of  black  air-conditioner  filter  ma- 
terial. The  filter  section  rests  on  a  metal 
screen  above  an  axial  fan,  which  pulls  air 
down  through  the  filter.  The  fan  is  a  small, 
quiet  unit  of  a  type  ordinarily  used  to  cool 
electronic  equipment. 

The  filter  is  held  in  a  section  of  polyvinyl 
chloride  (PVC)  pipe  having  a  diameter  of  3 
in.  (7.6  cm).  Air  is  exhausted  through  trian- 
gular gaps  cut  in  the  bottom  of  a  similar 
piece  of  pipe  below  the  motor  Phenolic 
transition  gaskets  are  placed  between  the 
round  pipe  and  the  motor,  which  has  a 
square  outline.  Although  round  pipe  was 
used  to  construct  the  prototype  units, 


square  pipe  could  also  be  used,  thereby 
eliminating  the  need  for  the  transition 
gaskets. 

During  manufacturing  operations,  the 
fiber  scraps  are  dropped  on  the  filter  with 
tweezers.  The  moving  air  retains  the  fibers 
in  the  filter  The  filter  is  lifted  out  to  dispose 
of  the  fiber  scraps,  then  replaced  in  the 
unit.  As  an  added  benefit,  the  exhaust  from 
the  bottom  of  the  unit  is  convenient  for  dry- 
ing fibers  that  have  been  cleaned  in 
acetone. 

This  work  was  done  by  R.  0.  Nevin  of 
Lockheed  Space  Operations  Co.  for  Ken- 
nedy Space  Center. 


REAR  VIEW 


Three  Sections  and 
Gaskets  Assembled 
With  Room- 
Temperature- 
Vulcanizing  Silicone 
Rubber 


TOP  VIEW 


A  Small  Fan  Pulls  Air  Through  a  Filter  to  trap  broken  pieces  of  glass  fiber.  The  unit  is  inexpensive  and  assembled  from  readily  available  parts 
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Repairing  Hard-to-Reach  Cracks  in  Heat-Exchanger  Tubes 


Inaccessible  leaks  are 
repaired  from  accessible 
side  of  the  tube. 


Tubes  springing  leaks  on  inaccessible 
surfaces  can  be  repaired  by  a  "fish- 
mouth"  insert  and  two  closeout  patches. 
This  method  was  developed  for  repairing 
leaks  in  the  nozzle  coolant  tubes  of  the 
Space  Shuttle  main  engine.  Such  a  leak 
can  occur  on  the  side  of  a  tube  that 
touches  the  cold  wall.  Cutting  through  the 
wall  to  reach  the  cracked  part  of  the  tube 
is  not  feasible,  but  with  the  new  method, 
the  crack  can  be  reached  from  the  ac- 
cessible opposite  side.  The  method  can 
also  be  used  on  other  types  of  tubular 
heat  exchangers. 

A  portion  of  the  tube  on  the  side  op- 
posite the  crack  is  cut  and  removed  (see 
figure).  The  opening  should  extend 
around  one-half  the  circumference  of  the 
tube  so  that  the  insert  can  be  slipped  over 
the  crack.  The  insert  has  an  outside 
diameter  equal  to  the  inside  diameter  of 
the  cracked  tube.  The  insert  is  slightly 
shorter  than  the  opening,  and  its  slanted 
ends  face  the  hot  side,  resembling  a 
fish's  mouth.  These  slanted  ends  are 
easily  accessible  for  brazing  or  welding. 

The  insert  is  brazed  or  welded  around 
its  entire  perimeter  adjoining  the  cracked 
tube  by  tungsten/inert-gas  apparatus. 
This  seals  off  the  crack.  Longitudinal 
bonding  of  the  insert  to  the  tube  wall  fur- 
ther secures  the  insert  and  isolates  the 
cracks. 

After  the  insert  is  secured,  two 
closeout  patches  are  positioned  over 
what  remains  of  the  opening.  The  pat- 
ches, which  are  cut  to  match  the  edge 
contours  of  the  tube  opening  and  the  in- 
sert ends,  are  welded  to  the  assembly. 
Rod-shaped  handles  on  the  patches 
allow  the  welding-machine  operator  to 


A  Fish-Mouth  Insert  is  placed  in  a  cut  in  a 
leaky  heat-exchanger  tube.  The  insert  is 
welded  or  brazed  to  the  tube,  and  the 
remaining  open  area  of  the  cut  is  patched. 
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grasp  and  manipulate  them;  the  handles 
are  cut  off  after  the  patches  are  secured. 

The  insert  should  be  long  enough  to 
cover  the  cracked  area.  When  adjacent 
tubes  are  repaired,  the  repaired  tubes 
may  have  to  be  alternated  with  short  ones 
so  that  the  welding  can  be  staggered  to 
prevent  side-by-side  welds. 

The  insert  not  only  seals  cracks  but 
also  strengthens  the  tube  structurally.  It 


does  not  interfere  with  the  flow  of  the 
heat-exchange  medium  and  does  not 
significantly  degrade  the  heat  transfer. 

This  work  was  done  by  R.  C.  Mills,  Sr., 
and  J.  Duesberg  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center.  MFS-29128  UN 
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Thermally-Activated  Metal-to-Glass  Bonding 


Hermetic  seals  are  formed  easily  by 
use  of  a  metallo-organic  film. 
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SECTION  C-C 

STEP  2:  PUT  SOLDER 

PASTE  ON  ONE 

PATTERN 


Silver 
Neodecanoate 


STEP  3:  CLAMP 

TOGETHER  AND 

SOLDER 


A  metallo-organic  film  is  thermally 
bonded  to  glass  and  soldered  or  welded 
to  form  a  hermetic  seal.  The  film  is  ap- 
plied as  an  ink  consisting  of  silver  neo- 
decanoate in  xylene.  The  relative  a- 
mounts  of  the  ingredients  are  selected  to 
obtain  the  desired  viscosity.  The  material 
can  be  applied  by  printing  or  even  by 
scribing  with  a  pen 

The  figure  illustrates  a  representative 
procedure  for  making  a  hermetic  seal  be- 
tween two  flat  pieces  of  glass.  First,  the 
ink  is  deposited  on  the  two  pieces  in 
matching  patterns.  The  pattern  on  the 
lower  piece  has  slightly  wider  lines.  The 
glass  pieces  then  are  heated  in  air  to 
260 °C  to  evaporate  the  xylene  and  de- 
compose the  silver  neodecanoate.  leav- 
ing adherent  patterns  on  the  glass 

Solder  paste  is  deposited  on  the  wider 
lines  and  dried  normally.  The  upper  glass 
is  placed  over  the  lower  glass  with  its 
metal  pattern  resting  on  the  solder  paste. 
The  pieces  are  clamped  together  and 
soldered,  using  the  standard  thermal  cy- 
cle specified  for  the  solder. 

In  semiconductor  packaging,  the  cus- 
tomary line  width  for  hermetic  seals  is 
about  1  mm.  If  the  seal  is  to  encapsulate 
electronic  circuitry  that  must  not  be  over- 
heated, the  heat  for  decomposition  and 
soldering  can  be  supplied  by  a  laser  to 
confine  the  high  temperature  to  the  seal 
region.  This  sealing  technique  should  be 
useful  in  maKing  soiar-cell  modules,  mi- 
croelectronic packages,  and  other  her- 
metic silicon  devices. 

This  work  was  done  by  Brian  D. 
Gallagher  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 


A  Metallo  Organic  Film  is  deposited  on  two  pieces  of  glass,  then  soldered  to  make  a  her- 
metic seal. 
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Inquires  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Pattent  Counsel,  NASA 
Resident  Off  ice- JPL  Refer  to 
NPO-16423/TN 


Jet  Propulsion  Laboratory 

Technology  Utilization  Manager: 
Norman  L.  Chalfin 
Mail  Stop  201-110 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Weld  Repair  of  Thin  Aluminum  Sheet 

A  shield  and  heat  sinks  protect 
the  area  adjacent  to  the  weld. 


Weld  repairing  of  thin  aluminum  sheets 
is  now  possible,  using  a  niobium  shield 
and  copper  heat  sinks.  In  the  past,  weld 
repairing  of  thin  aluminum  sheets  has  not 
been  possible,  because  of  high-fre- 
quency-induced surface  cracks  and  heat 
checks.  The  refractory  niobium  shield 
protects  the  aluminum  adjacent  to  the 
hole,  while  the  copper  heat  sinks  help 
conduct  heat  away  from  the  repair  site. 
This  technique  limits  the  tungsten/inert- 
gas  (TIG)  welding  bombardment  zone  to 
the  melt  area,  leaving  surrounding  areas 
around  the  weld  unaffected. 


The  figures  illustrate  the  application  of 
the  new  technique  to  the  face  sheet  of  a 
cold-plate  assembly.  Before  welding,  the 
fracture,  dent,  or  puncture  in  the  face 
sheet  is  machined  away,  leaving  a 
smooth  hole  so  that  the  rough  edges  and 
cracks  are  removed.  After  cleaning,  the 
face-sheet  edge  at  the  hole  is  then  de- 
pressed into  the  core  cavity.  As  shown  in 
Figure  1 ,  the  niobium  heat  shield  and  cop- 
per tooling  are  clamped  over  the  area  to 
be  repaired. 

As  welding  is  initiated,  the  high- 
frequency-induced  surface  cracks  are 


taken  into  the  weld  melt.  The  undercut  (or 
countersink)  on  the  back  side  of  the  niobi- 
um heat  shield  allows  the  molten  weld  to 
flow  outward  and  away  from  the  bom- 
bardment zone.  Thus,  the  weld  and  its 
peripheral  areas  are  free  of  high-fre- 
quency-induced surface  cracks  and  heat 
checks.  Figure  2  shows  the  resulting 
weld  configuration. 

This  technique  has  been  used  suc- 
cessfully to  repair  aluminum  cold  plates 
on  the  Space  Shuttle,  resulting  in  a  sub- 
stantial cost  saving  and  reducing  delays. 
It  also  will  have  commercial  applications, 
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Note:  Dimensions  are  In  inches. 
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SECTION  A  A 


Cold-Plate 
Assembly 


Copper  Heat  Sink 
0.12  to  0.18  Thick 


Figure  1 .  Before  Welding,  the  edge  of  the  hole  in  the  face  sheet  is  depressed  into  the  cavi- 
ty, and  the  shield  and  heat  sink  are  clamped  in  place. 
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especially  in  sealing  fractures,  dents,  and 
holes  in  thin  aluminum  face  sheets  or 
clad  brazing  sheet  in  cold  plates,  heat  ex- 
changers, coolers,  and  Solar  panels. 
While  particularly  suited  to  thin  aluminum 
sheet,  this  process  also  can  be  used  in 
thicker  aluminum  material  to  prevent  sur- 
face damage  near  the  weld  area. 

This  work  was  done  by  Charles  S. 
Beuyukian  and  Mike  J.  Mitchell  of  Rock- 
well International  Corp.  for  Johnson 
Space  Center.  MSC-20902/TN 
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Figure  2.  The  Weld  Melt  flows  beyond  the  edge  of  the  undercut,  where  heat  checking  and 
cracking  do  not  take  place.  Thus,  the  entire  weld  is  free  of  cracks  and  heat  checks. 
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Unitized  Nut-and-Washer  Assembly 

A  proposed  fastener  would  be  nonscratching  and  easy  to  install. 


A  combination  nut,  washer,  and  lock- 
washer  would  secure  parts  quickly  with- 
out damaging  metal  finishes.  The  pro- 
posed fastener  is  intended  for  attaching 
leads  and  buses  to  studs  on  electronic 
equipment. 


The  conventional  way  of  securing  a  lead 
is  to  attach  it  to  a  stud  with  a  flat  washer,  a 
lockwasher,  and  a  nut.  The  flat  washer  is 
placed  between  the  lead  terminal  and  the 
lock  washer  to  prevent  the  latter  from  cut- 
ting into  the  plated  finish  of  the  terminal. 


,  Channel 
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NUT-AND-WASHER  ASSEMBLY 


FORMED  FLAT  WASHER 


FORMED  FLATWASHEH 


The  Nut  and  Lockwasher  Are  Captured  by  the  bent  tabs  of  a  flat  washer  in  this  concept  tor 
a  unified  fastener.  The  optional  perforated  tab  on  the  flat  washer  would  allow  easy  tagg- 
ing and  storage. 


The  manual  assembly  of  the  three 
parts  is  tedious,  especially  with  small- 
diameter  studs.  It  is  also  prone  to  error 
when  the  flat  washers  are  made  of 
corrosion-resistant  steel  (CRES)  and  are 
used  in  conjunction  with  shim  washers 
made  of  nickel-plated  copper.  The  shims 
are  used  as  spacers  between  multiple 
connections  on  the  same  stud  or  to  bring 
terminals  on  adjacent  studs  to  the  same 
level.  They  can  easily  be  confused  with 
CRES  washers,  which  have  lower  elec- 
trical conductivity.  Thus,  the  accidental 
substitution  of  a  CRES  washer  for  a  cop- 
per shim  could  cause  overheating  and 
damage  to  the  equipment. 

Since  the  proposed  fastener  would  be 
attached  as  a  unit  they  would  reduce 
assembly  time  and  eliminate  the  need  to 
stock  separate  CRES  washers,  thereby 
also  eliminating  erroneous  substitution 
for  the  lower  resistance  shims. 

The  nut  on  the  proposed  fastener 
would  be  made  by  machining  a  circum- 
ferential channel  on  hexagonal,  non- 
locking nut  (see  figure).  The  outer  portion 
of  the  flat  washer  would  be  cut  away  in  a 
pattern  to  make  tabs.  The  washer  would 
be  attached  to  the  nut  by  bending  the 
tabs  into  the  channel.  The  width  of  the 
channel  would  have  to  be  equal  to  the 
free  height  of  the  lockwasher,  which 
would  be  sandwiched  between  the  nut 
and  the  flat  washer.  Tightening  the  nut  on 
a  stud  would  automatically  compress  the 
lockwasher,  which  may  be  a  helical  lock- 
ing spring  or  internal-tooth  type 

This  work  was  done  by  Peter  J.  Rossi 
of  Rockwell  International  Corp.   for 
Johnson  Space  Center. 
MSC- 20903  fTN 
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Adapting  Inspection  Data  for  Computer  Numerical  Control 

Machining  time  for  repetitive  tasks  is  reduced. 


A  program  for  a  computer-numerical- 
control  jig  boring  machine  ensures  that 
holes  are  drilled  and  reamed  with  high  ac- 
curacy in  post  stubs  on  the  main  injector 
body  of  the  Space  Shuttle  main  engine. 
Although  the  post  stubs  are  positioned  so 
that  they  may  deviate  from  the  design  po- 
sition by  as  much  as  0.025  inch  (0.635  mil- 
limeter), the  program  controls  the  hole 
positions  to  within  0.010  inch  (0.254  milli- 


meter) of  the  design  positions.  With  modi- 
fications this  approach  should  be  applicable 
to  the  machining  of  many  precise  holes 
on  large  machine  frames  and  similar 
objects. 

The  program  converts  measurements 
of  stub  post  locations  by  a  coordinate - 
measuring  machine  into  a  form  that  can 
be  used  by  the  numerical-control  com 
puter.  The  work  time  is  thus  reduced  by 


10  to  15  minutes  for  each  post.  Since 
there  are  600  such  posts  on  each  injec- 
tor, the  time  saved  per  injector  is  100  to 
150  hours 

This  work  was  done  by  Everett  E 
Hutchison  of  Rockwell  International 
Corp.  for  Marshall  Space  Flight  Center. 
MFS-29117/TN 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code     hao-h 


Detecting  Flaws  During  Welding 

Acoustic  emissions  yield  rich  and  accurate  information  on  weld  quality 


A  study  has  evaluated  the  effectiveness  of  an 
acoustic-emission  weld  monitor  in  detecting, 
locating,  and  classifying  weld  flaws  in  production. 
The  monitor  was  found  to  be  an  effective  flaw 
detector  and  locator.  It  can  characterize  flaws  into 
crack  (the  most  significant  flaw)  and  noncrack 
categories  (see  table).  It  can  also  provide  indica- 
tions of  flaw  severity  to  assist  in  acceptance  and 
repair  decisions. 

The  acoustic-emission  signal  processing 
eliminates  the  large  amounts  of  background  clutter 
normally  associated  with  traditional  acoustic- 
emission  monitoring  approaches.  It  provides 
greater  sensitivity  to  serious  planar  flaws  than  does 
radiography.  It  is  easier  to  apply  than  ultrasonic 
testing,  because  the  sensors  are  fixed  in  position 
and  require  no  scanning. 

The  monitor  .which  uses  three  microprocessors, 
can  acquire  multichannel  acoustic-emission  data. 
It  can  analyze  the  data  in  real  time  during  welding. 

In  the  evaluation,  which  was  conducted  for  the 
U.S.  Army  Tank-Automotive  Command,  a 
statistical  analysis  was  made  of  the  acoustic- 
emission  data  gathered  by  the  monitor. 
Radiographically  confirmed  flaws,  augmented  by 
metallographic  data,  were  used  to  spot  trends 
associated  with  specific  flaw  types. 

In  addition  to  production-line  and  weld-repair 


Classification 

Category 

Accuracy 

Cracks 

100% 

Porosity 

100% 

Unclassified 

100% 

Incomplete 

Penetration 

23% 

Lack  of  Fusion 

25% 

Acoustic  Emission  is  highly  effective  in  classifying  the 
most-important  weld  flaws  "Unclassified"  flaws  are 
those  that  have  the  characteristics  of  nonporous  flaws 
except  for  emmission  frequency 

monitoring,  the  instrument  can  serve  as  an  educa 

tion  aid  in  welder  training  and  certification,  since  it 

indicates  flaws  as  they  are  formed  For  the  same 

reason,  it  will  allow  quick  optimization  of  new 

welding  procedures  in  the  laboratory 

Project  officer  R.  Crow 

(313)  574-6065  or  AV  786-6065 

FOR  ADDITIONAL  INfORMATION 

Ibu  can  learn  more  details  about  this  technology  Dy  ordering  me  NTiS  reportts 

Production  Verrtication  ol  the  Acoustic  Emission  Weld  Monto' 

Order  number:  ADA  154168/NAA 

Price  code  A05 
Order  trom 

National  Technical  Information  Service 

5285  Pod  Royal  Road 

Springfield.  VA  22161 
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Locating  Cracks  Amid  Pitting  and  Corrosion 

Use  of  two  fluorescent  penetrants  reveals  cracks. 


Two  fluorescent  oils  are  used  in  a  new 
inspection  technique  for  locating  cracks  in 
metal  parts.  Use  of  just  one  fluorescent  oil 
is  not  always  effective  when  a  part  is  pitted 
or  corroded.  The  pits  and  corroded  areas 
absorb  the  dye  along  with  the  cracks,  thus 
masking  fluorescence  from  the  cracks. 

A  part  to  be  inspected  by  the  two-pene- 
trant  technique  is  first  degreased  in  a  sol- 
vent vapor,  then  chemically  etched  to 
remove  0.0004  to  0.0006  in.  (0.01 0  to  0.01 5 
mm)  of  material  from  the  surface.  The  part 
is  then  dried  in  warm,  circulated  air  at  a 
maximum  temperature  of  175°F  (79 °C). 

A  postemulsifiable  fluorescent  oil,  ZL-30 
(or  equivalent),  is  applied  to  the  part  and 
allowed  to  remain  on  the  surface  for  30 
min.  Then  a  water-washable  fluorescent 
oil,  ZL-1 7  (or  equivalent)  is  applied  and  the 
excess  allowed  to  drain  off.  The  water- 
washable  oil  emulsifies  the  postemulsi- 
fiable oil  on  the  surface  so  that  it  can  be 
removed  from  the  surface  by  a  water  rinse, 
even  from  the  pitted  and  corroded  areas. 
However,  the  postemulsifiable  oil  embed- 
ded in  deep,  fine  cracks  remains. 

The  water  rinse  is  done  under  ultraviolet 
light.  The  part  is  then  immersed  in  an  aque- 
ous solution  of  developer  ZP-1 3A  (or  equiv- 
alent), drained,  dried  in  air  at  175°F(79°C) 
maximum,  then  cooled  below  100 °F 
(38  °C).  After  waiting  at  least  15  min  for 
development  (but  no  longer  than  75  min), 
the  part  is  examined  in  ultraviolet  light. 
Fluorescent  dye  retained  by  cracks  is 
readily  visible  and  distinguishable  from  the 
minimal  fluorescence  retained  by  pitted 
and  corroded  material  (see  figure). 

The  dual-dye  technique  has  been  used 
to  inspect  metal  parts  having  surface- 
roughness-height  ratings  from  125  to  450 
^in.  (3.2  to  1 1 .4  ^m).  The  parts  have  includ- 
ed shot-peened  machined  aluminum  ex- 
trusions; partially  machined  aluminum 
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AFTER  TREATMENT  WITH  ONE  FLUORESCENT  OIL 


AFTER  THE  DUAL-OIL  TREATMENT 

This  Machined  Aluminum  Fitting  has  extensive  pitting  and  areas  of  corrosion  that  retair 
fluorescent  penetrating  oil.  In  the  upper  photograph,  the  fluorescence  from  these  areas 
obscures  fluorescence  from  oil  absorbed  by  cracks.  After  treatment  with  a  second 
emulsifying  oil,  much  of  the  fluorescence  from  pitted  and  corroded  areas  disappears  and 
as  shown  in  the  lower  photograph,  fatigue  cracks  emanating  from  holes  become  evident 


castings;  aluminum,  steel,  and  titanium 
tabular  weldments;  aircraft  landing-gear 
components;  chemically  milled  aluminum 
sheet  and  extrusions;  and  rough-machined 
aluminum  and  steel  forgings.  It  has  also 


been  used  on  nonporous  ceramic  parts. 
This  work  was  done  by  Peter  P.  Fahey  c 
Fairchild  Republic  Co.  for  Johnson  Spaa 
Center.  MSC- 20311  /TN 
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1230  Processing  of  Rapidly  Solidified  Aluminum  Powders 

1231  Powder  Metallurgy  Forged  Gears — Gears  made  from  steel  powder  are 
cheaper  than  conventional,  machined  gears 

1232  Electroslag  Refining  (ESR)  of  Sulfide  Containing  Steel — High  quality  steel 
is  produced  and  critical  elements  are  conserved 

1233  Coolants  for  High  Temperature  Diesel  Engines — Conventional  ethylene 
glycol  with  corrosion  inhibitors  is  a  prime  candidate 

1234  Strengthening  Ni/Cr/Mo  and  Mn/Mo/B  Steels— Isothermal  rolling  and  some 
increase  in  carbon  content  strengthen  these  armor  steels 

1235  Composite  Fillings  Improved  by  Glass  Inserts 

1236  Thermal  Spray  Coatings  for  Controlling  Corrosion  in  Marine  Environments 

1237  Tougher  Addition  Polyimides  Containing  Siloxane — Laminates  show 
increased  impact  resistances  and  other  desirable  mechanical  properties 

1238  Separation  in  Binary  Alloys — Studies  of  monotectic  alloys  and  alloy  analogs 
are  reviewed 

1239  Lightweight  Ceramic  Insulation — A  fiber  burnout  process  yields  low 
densities 

1240  Fast  Glazing  of  Alumina/Silica  Tiles — This  technique  prevents  cracking  of 
substrates  or  coatings 

1241  Tests  of  Solar-Array  Encapsulants — Materials  were  tested  for  degradation 
by  heat  and  light 

1242  Measuring  Seeback  Coefficients  with  Large  Thermal  Gradients — An 
apparatus  takes  measurements  and  analyzes  data  automatically 

Testing  &  Instrumentation 

1243  Particle  Contamination  Measurement  in  Hydraulic  Fluid — Dilution  of  the 
sample  with  a  fluid  of  known  contamination  leads  to  accruate  results  using  a 
particle  counter 

1 244  Effects  of  Radiation  on  Coatings— Tests  help  to  insure  reliability  in  a  hostile 
environment 

1245  Method  for  Characterizing  PMR-1 5  Resin— The  change  in  composition  with 
aging  makes  analysis  essential 

1246  Mapping  the  Structure  of  Heterogeneous  Materials — An  image  processing 
microdensitometer  Fourier  analyzer  yields  statistics  of  subcomponent 
distribution 

Other  Items  of  Interest 

1217  Depositing  Diamondlike  Carbon  Films— Radio-frequency,  plasma,  and  ion- 
beam  techniques  are  used 

1 220  Eliminating  Thermal  Cracks  in  Flange/Duct  Joints  —Heat  and  pressure 
during  bonding  allow  joints  to  accommodate  expansion 

1224  Thermally-Activated  Metal-to-Glass  Bonding  — Hermetic  seals  are  formed 
easily  by  use  of  a  metallo-organic  film 

1225  Weld  Repair  of  Thin  Aluminum  Sheet  — A  shield  and  heat  sink  protect  the 
area  adjacent  to  the  weld 


U.S.  Air  Force 
Technology  Note 


Processing  of  Rapidly  Solidified  Aluminum 
Powders 


The  Air  Force  Office  of  Scientific  Research  is  supporting  a 
study  at  McDonnell  Douglas  to  determine  the  effects  of  process- 
ing variables  on  the  properties  of  rapidly  solidified  aluminum  base 
alloys*  This  study  is  aimed  at  determining  the  effects  of 
consolidation-related  microstructural  features  on  such  problems  as 
particle  delamination  due  to  poor  break-up  of  the  oxide  film,  hydro- 
gen blistering  due  to  improper  degassing  or  gas  pickup  during 
processing,  and  directionality  of  properties  resulting  from  texture 
development.  Vacuum  atomized  powders  of  three  compositions  have 
been  investigated  thus  far;  unalloyed  Al.  AI-3Li-lCu-lMg-0.2Zr, 
and  Al-8Fe-7Ce.  In  addition,  an  air  atomized  AI-8Fe-4Ce  powder 
has  been  examined. 

The  various  powders  have  been  characterized  with  respect  to 
powder  sue  distribution,  panicle  shape,  cooling  rate,  phases  present 
both  as  solidified  and  after  heat  treatment,  and  presence  of  volatile 
constituents.  All  three  of  the  vacuum  atomized  particles  were  spher- 
ical and  80  percent  of  the  particles  were  between  30  /mi  and  150 
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Extrusion  rale  (cm/s) 

FIGURE  1.  VARIATION  OF  FLOW  STRESS  WITH  EXTRUSION' 
RATE  OF  UNALLOYED  ALUMINUM  (LOWER 
CURVE)  AND  AI-3Li-1Cu-1Mg-0.2Zr  POWDERS 
EXTRUDED  AT  400  C  (750  F). 

tion  were  present  in  the  unalloyed  aluminum  after  heat  treatment. 
The  grain  width  ranged  from  10  /mi  at  0.04  cm/s  to  5  /mi  al  0. 16 
cm/s. 


/mi  in  diameter.  Dentritic  arm  spacing  indicated  cooling  rates  varied 
from  I04  to  103  K/s  depending  on  particle  size.  Significant  hydro- 
gen was  evolved  when  the  powders  were  heated  in  vacuum  at  tem- 
peratures up  to  500  C  (930  F).  Composition  of  the  powders  affected 
both  the  amount  evolved  and  the  temperature  at  which  evolution 
occurred.  Data  were  also  presented  showing  the  evolution  of  water, 
oxygen,  and  carbon  dioxide  during  heating  in  vacuum. 

Densification  behavior  during  cold  compaction  was  correlated 
with  the  yield  strength  and  work  hardening  characteristics  of  the 
powders.  Complete  densification  was  obtained  in  the  unalloyed  alu- 
minum powder  hot  pressed  at  400  C  (750  F)  but  the  alloys  exhibit 
1  to  2  percent  porosity  and  had  weak  inierparticle  bonding  when 
hot  pressed  under  similar  conditions. 

The  effects  of  extrusion  rate  on  How  stress  and  on  interparti 
cle  bonding  have  been  examined  for  unalloyed  aluminum  and  the 
lithium-containing  alloy.  Flow  stress  at  400C  is  shown  as  a  func- 
tion of  extrusion  rate  in  Figure  1 .  The  lithium  containing  alloy  ex- 
truded at  rates  of  0.08  cm/s  or  faster  exhibited  good  inierparticle 
bonding.  Transmission  electron  microscopic  examination  of  the  ex- 
truded material  showed  a  recovered  subgrain  structure  to  be  present. 
Unalloyed  aluminum  extruded  at  0.4  cm/sec  or  faster  showed  good 
inierparticle  bonding  with  no  evidence  of  the  prior  interparticle 
boundaries.  Recrystallized  grains  elongated  in  the  extrusion  direc- 
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Powder-Metallurgy  Forged  Gears 

Gears  made  from  steel  powder  are  cheaper 
than  conventional,  machined  gears. 


A  manufacturing-cost  analysis  shows  that  gears 
forged  from  grade-4600  steel  powder,  to  which  suf- 
ficient graphite  is  added  to  achieve  the  desired  final 
carbon  level,  can  be  produced  at  a  cost  savings  of 
as  much  as  50  percent  compared  to  conventional 
manufacturing  methods.  The  cost  analysis  was 
part  of  a  study  for  the  U.S.  Army  Tank-Automotive 
Command.  Forging  three  widely  different  spur 
gears  demonstrated  the  flexibility  of  the  process 
and  the  ability  to  make  difficult  gear  shapes  from 
the  sintered-steel  powder. 

In  Weibull  plots  of  test  data,  powder-forged  4620 
steel  gears  with  ground  tooth  surfaces  were  found 
to  have  a  slope  similar  to  that  of  conventionally 
manufactured  aircraft -quality  gears  of  9310  steel 
(see  figure).  The  powder-forged  gears  were  highly 
loaded  in  the  tests;  this  fact,  in  combination  with 
their  lower  surface-hardness  and  alloy  content, 
may  account  for  their  lower  life.  For  more 
moderate  loads,  unground  as-forged  surfaces 
would  be  acceptable.  The  life  of  the  carburized  P/M 
4620  gears  far  exceeded  that  of  through-hardened 
steel  gears  machined  from  bar  stock. 

No  powder-forged  gears  suffered  tooth 
breakage  during  testing.  Failure  occurred  by  spall- 
ing  and  cracking  on  the  highly-loaded  tooth  sur- 
faces. The  beneficial  effect  of  metal  flow  during 
forging  prevented  tooth  breakage.  Conventional 
gears  machined  from  steel  bar  stock,  on  the  other 
hand,  experienced  breakage.  The  original  fiber 
structure  of  the  bar  is  still  present  in  machined  and 
heat-treated  gears  and  provides  crack  paths  that 
promote  tooth  breakage. 

Previous  work  on  computer-aided  design  in- 
fluenced the  preform  and  die  design  in  the  study. 
The  analysis  of  a  part  by  sections,  where  variations 
in  metal  flow  define  sections,  proved  to  be  an  im- 
portant aid. 


5    10 
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PowderMetalurgy 
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Powder-Metallurgy 
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A  Weibull  Plot  of  the  failure  rate  for  a  ground  powder- 
metallurgy  gear  of  4620  steel  parallels  that  of  a  standard 
aircraft -quality  gear  of  9310  steel.  A  powder-forged  gear  can 
be  used  without  surface  grinding  if  loads  are  moderate. 


Project  officer  Donald  T.  Ostberg 
(313)  574-6065  or  AV  273-6065. 
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Electroslag  Refining  (ESR)  of  Sulfide-Containing  Steel 

High  quality  steel  is  produced,  and  critical  elements  are  conserved. 


The  U.S.  Army  Armament,  Munitions,  and 
Chemical  Command  has  completed  a  project  that 
demonstrated  that  spent  gun  tubes  —  and  hence 
sulfide-containing  steels  in  general  —  can  be 
recycled  via  electroslag  refining  (see  figure).  The 
project  established  two  very  important  points: 

1 .  The  ESR  process  of  remelting  under  a  molten- 
slag  cover  removed  large  amounts  of  sulfur  from 
the  steel,  thereby  lowering  the  concentrations  of 
sulfide  and  other  inclusions  that  are  detrimental 
to  the  quality  of  the  material. 

2.  The  other  chemical  elements  are  not  affected  in 
this  process;  consequently,  there  is  no  loss  of 
such  critical  elements  as  nickel,  chromium, 
molybdenum,  or  vanadium. 

The  ESR  process  was  used  to  remelt  individually 
three  fired-out  8-in.  (20-cm)  M2A2  gun  tubes  into  in- 
dividual solid  ingots.  These  ingots  were  then  forged 
into  preforms  and  rotary  forged  into  the  configura- 
tion of  105-mm  gun  tubes.  Disks  were  cut  from  the 
breech  and  muzzle  end  to  provide  test  specimens 
so  that  the  mechanical  properties  of  the  material 
could  be  tested.  Also,  heat-treating  specifications 
were  developed.  The  ESR  melting  and  subsequent 
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Electroslag  Refining  removes  sulfur  and  other  im- 
purities from  steel  alloys. 

forging  and  heat  treating  of  the  material  produced 
a  product  with  mechanical  properties  superior  to 
those  of  the  material  presently  being  used. 

FOR  ADDITIONAL  INFORMATION 

rtiu  can  learn  more  details  about  this  technology  by  contacting 
Commander 
Watervliet  Arsenal 
Attn  SMCAR-CCB-SE (V  Colangelo) 
Bene!  Weapons  Laboratory 
Watervliet  NY  12189-4050 

Telephone  No  (518)  266-5827  ot  AV  974-5827 
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Coolants  for  High-Temperature  Diesel  Engines 

Conventional  ethylene  glycol  with  corrosion  inhibitors  is  a  prime  candidate. 


On  the  basis  of  simulated  service  tests, 
coolants  containing  50, 60,  and  80  weight  percent 
ethylene  glycol  plus  a  corrosion  inhibitor  are  can- 
didates for  cooling  advanced  diesel  engines. 
These  engines  will  operate  at  1 50  °C  and  will  need 
a  coolant  with  a  high  boiling  point,  a  low  freezing 
point,  and  high  specific  heat  and  thermal  conduc- 
tivity. In  addition,  the  coolant  must  protect  the 
various  metals  in  the  cooling  system  against  cor- 
rosion. 

The  tests,  which  were  carried  out  by  the  U.S. 
Army  Belvoir  Research  and  Development  Center, 
showed  that  a  mixture  containing  60  percent 
ethylene  glycol  with  a  corrosion  inhibitor  (com- 
posed of  sodium  metaborate,  sodium  mercap- 
tabenzothiazole,  potassium  silicate,  and  distilled 
water)  was  best.  This  judgment  was  based  on  the 
boiling  point,  freezing  point,  and  thermal  proper- 
ties (see  table),  and  on  the  results  of  simulated- 
service  corrosion  and  cavitation-corrosion  tests. 
In  general,  corrosion  was  reduced  by  increasing 
the  reserve  alkalinity  and  the  pH. 

The  laboratory  evaluation  was  conducted  ac- 
cording to  ASTM  Method  D-2570  at  a  temperature 
of  121  °C  for  1,064  h  —  a  period  equivalent  to 
60,000  mi  of  field  service  in  a  vehicle.  The  test  ap- 
paratus consisted  of  a  radiator,  a  water  pump,  a 
reservoir,  an  electric  heater,  an  electric  motor, 
connecting  hoses,  and  temperature-measuring 
and  control  devices.  For  safety  reasons,  the  usual 
hoses  were  replaced  by  heat-resistant  silicone- 
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60              58.0 
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0.00085 

80              78.9 
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As  the  Concentration  of  Ethylene  Glycol  increases,  the 
boiling  point  increases.  The  freezing  point  decreases  at  first, 
then  increases.  The  specific  heat  and  thermal  conductivity 
decrease  continually.  The  ideal  coolant  solution  is  in  the 
60-percent  range. 

rubber  hoses  because  of  the  high  test 
temperature.  Because  the  radiator  pressure-cap 
gaskets  and  water-pump  seals  were  attacked  by 
the  antifreezes  at  121  °C,  any  cooling  system 
operating  at  that  temperature  will  require  replace- 
ment of  the  previously  used  materials  by 
elastomers  compatible  with  antifreeze  mixtures 
at  high  temperature. 

FOR  ADDITIONAL  INFORMATION. 
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Strengthening  Ni/Cr/Mo  and  Mn/Mo/B  Steels 

Isothermal  rolling  and  some  increase  in  carbon  content 
strengthen  these  armor  steels. 


A  study  for  the  U.S.  Army  Materials  and 
Mechanics  Research  Center  investigated  the 
possibility  of  producing  a  strong  (112)  +  (111)  tex- 
ture in  the  quenched,  tempered  plates  of  the 
Ni/Cr/Mo  and  Mn/Mo/B  conventional  armor  steels 
by  appropriate  thermomechanical  processing.  In 
addition,  the  effect  of  carbon  content  on  the  hard- 
ness of  5  Ni-steels  was  investigated. 

Textured  steel  plates  having  nominal 
thicknesses  of  Vz  and  V4  in.  (1 .3  and  0.64  cm)  were 
processed  by  low  and  high  rolling  reductions 
(about  60  and  90  percent,  for  the  purpose  of  vary- 
ing the  intensity  of  the  texture)  and  tested.  The 
results  of  the  tests  showed  that  the  Ni/Cr/Mo  steel, 
compared  with  the  Mn/Mo/B  steel,  has  a  fairly  low 
hardenability  with  respect  to  the  formation  of  ferrite 
from  austenite.  A  strong  (1 1 2)  +  (1 1 1 )  texture  can 
be  produced  in  the  martensite  of  the  quenched 
plates  of  both  steels  by  heavy  rolling  the  austenite 
without  recrystallization  and  by  sufficiently  rapid 
quenching  immediately  following  rolling.  Process- 
ed plates  of  the  Ni/Cr/Mo  steel  had  an  appreciable 
quantity  of  ferrite  grains;  trace  ferrite  was  also 
formed  in  most  of  the  Mn/Mo/B  plates.  Further 
studies  are  suggested  to  optimize  the  ther- 
momechanical processing  of  these  steels. 

Experiments  with  the  carbon  content  of  the  5  Ni- 
steel  indicated  that  the  microstructure  and  the 
crystallographic  texture  of  the  quenched  and 
tempered  plate  were  not  significantly  affected  by 
increasing  the  carbon  content  from  0.40  to  0.45  or 
0.47  percent;  however,  the  hardness  increased 
slightly  (see  Figure).  Future  work  on  of  the  5  Ni- 
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textured  steel  should  be  directed  toward  lowering 
the  material  and  processing  cost  by  decreasing  the 
alloy  content  without  adversely  affecting  the 
recrystallization  and  ferrite  formation  character- 
istics. 

Project  officer  S.  Brejda 
(61 7)  923-551 9  or  AV  498-551 9. 
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Composite  Fillings  Improved  by  Glass  Inserts 

A  new  dental  technique  has  been  developed  for  using  glass 
inserts  in  composite  fillings  to  improve  durability  and 
decrease  shrinkage  of  the  fillings  as  they  harden.     This  new 
technique  may  offer  dentists  a  restorative  material  for 
cavities  in  posterior  teeth  where  aesthetics  are  important  but 
where  conventional  composite  materials  are  subject  to  heavy 
wear.     According  to  Dr.  Raphael  L.  Bowen,  "The  advantage 
of  inserts  in  composite  restorations  is  that  glass  materials 
have  wear  and  other  properties  that  more  closely  match  those 
of  natural  teeth.     And  the  insert  material,  which  is  prepared 
commercially,  offers  dentists  a  low-cost,  mass-produced  filling 
material  for  a  wide  range  of  dental  restorations  where  appear- 
ance is  important."     Bowen  is  director  of  the  American  Dental 
Association  Health  Foundation  (ADAHF)  Paffenbarger  Research 
Center  at  NBS.     The  insert  technique  for  composite  restora- 
tions has  been  tested  in  the  NBS/ADAHF  laboratories  and 
on  volunteer  patients.     Dental  researchers  have  found  the  in- 
serts have  improved  the  bonding  of  composite  materials  to 
tooth  structures. 

FOR  ADDITIONAL  INFORMATION:  Contact:  Dr.  Raphael 
Bowen,  National  Bureau  of  Standards,  A153  Polymers  Bldg., 
Gaithersburg,  MD     20899;  (301)  921-3512. 
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Thermal  Spray  Coatings  for  Controlling  Corrosion 
in  Marine  Environments 


Commercial  use  of  thermally  sprayed 
zinc  and  aluminum  coatings  for  the  long 
term  corrosion  protection  of  steel  struc- 
tures has  been  underway  for  the  past  50 
years.  Over  the  last  10  years,  increasing 
use  has  been  made  of  thermally  sprayed 
aluminum  coatings  for  corrosion  control 
in  the  Fleet.  In  order  to  gain  a  more 
thorough  understanding  of  the  corrosion 
protection  mechanisms  of  thermal  spray 
coatings,  the  David  Taylor  Naval  Ship 
R&D   Center   (DTNSRDC)   has   been 


evaluating  the  performance  of  these 
coatings  utilizing  long  term  field  ex- 
posures and  electrochemical  techniques. 
Long  term  exposures  in  the  marine  at- 
mosphere, the  marine  splash  and  spray 
zone,  and  under  seawater  immersion  have 
been  under  investigation  for  the  last  three 
years.  Field  exposure  results  show  that 
sprayed  aluminum  coatings  are  capable 
of  providing  long  term,  cost  effective  cor- 
rosion protection  for  steel  substrates  in 
marine  environments. 


For  Additional  Information,  Contact: 
Navy  Domestic  Technology  Fact 

Sheet  Reader  Reply  Service 
Code  E2 11 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)663-8921 
Refer  to  110501/TN 
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Tougher  Addition  Polyimides  Containing  Siloxane 

Laminates  show  increased  impact  resistances 
and  other  desirable  mechanical  properties. 


Aromatic  addition  polyimides  have 
been  developed  as  both  matrix  and  adhe- 
sive resins  tor  applications  on  future  air- 
craft and  spacecraft.  Addition  polyimides 
offer  distinct  advantages  over  linear  poly- 
imides, being  processable  in  the  form  of 
short-chained  oligomers  end-capped 
with  latent  cross-linking  groups.  One  par- 
ticularly attractive,  commercially  avail- 
able addition  polyimide  results  from  the 
addition  polymerization  of  a  maleimide- 
terminated  prepolymer  prepared  by  the 
reaction  of  a  bismaleimide  with  an  aro- 
matic diamino  compound.  However,  ad- 
dition polyimides  of  this  kind  tend  to  be 
highly  cross-linked,  insoluble,  and  ex- 
tremely brittle  on  curing 

A  process  has  been  developed  to  ob- 
tain a  bismaleamic  acid  from  the  reaction 
of  a  diaminosiloxane  and  maleic  anhy- 
dride in  a  1:2  molar  ratio  The  bismaleamic 
acid  may  be  extended  by  the  reaction  of 
the  diaminosiloxane  with  maleic  anhy- 
dride in  a  1:1  molar  ratio,  followed  by  the 
reaction  with  half  this  molar  ratio  of  an 
aromatic  dianhydride  The  bismaleamic 
acid  may  also  be  extended  by  the  reac- 


tion of  the  diaminosiloxane  with  maleic 
anhydride  in  a  1 :2  molar  ratio,  followed  by 
the  reaction  with  half  this  molar  ratio  of  an 
aromatic  diamine  (Michael-addition 
reaction). 

The  oligomer  thus  forms  melts  in  the 
temperature  range  of  80°  to  120°  C  and 
cures  between  140°  and  170°  C.  It  can 
be  blended  with  commercially  available 
bismaleimides,  with  which  it  is  compatible. 
All  forms  of  the  oligomer  can  be  imidized 
at  130°  C  due  to  the  flexibility  introduced 
by  the  siloxane  group  and  increased  ba- 
sicity of  the  aliphatic  amine  group,  which 
enhances  the  ease  of  cyclization  (Oligo- 
mers of  aromatic  diamines  require  cycli- 
zation at  such  higher  temperatures  as 
180°  to  200°  C,  resulting  in  some  isomeri- 
zation  to  the  fumaric  group.  Acetic  acid 
left  associated  with  the  resin  after  chemi- 
cal cyclization  may  degrade  the  polymer 
at  the  higher  temperature  where  curing  is 
effected,  resulting  in  reduced  strengths.) 

Composites  prepared  from  the  oligo- 
mers can  be  thermoformed  at  elevated 
temperatures  after  an  initial  molding  in 
the  temperature  range  of  175°  to  200°  C 


due  to  the  lowered  melting  temperatures. 
A  range  of  service  temperatures  results 
from  blending  the  oligomers  with  various 
bismaleimides  in  different  proportions. 

The  resins  can  be  used  to  coat  graph- 
ite woven  cloth.  After  drying,  the  resins 
can  be  thermally  imidized  to  give  material 
with  drape  and  tack,  and  which  can  be 
cut  easily  and  formed  into  shaped  layups. 
These  layups  may  then  be  molded  under 
heat  and  pressure  to  give  the  desired 
laminate.  Such  laminates  have  excellent 
properties  in  terms  of  glass-transition 
temperatures,  flexural  strengths  and 
moduli,  and  short-beam  shear  strengths. 
Also,  impact  resistances  are  improved 
over  those  of  the  unmodified  bismaleim- 
ide, showing  a  significant  increase  in 
toughness. 

This  work  was  done  by  Terry  L  St.  Clair 
of  Langley  Research  Center  and 
Shubha  Maudgal  of  the  National  Re- 
search Council.  LAR-13304  /TN 
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Separation  in  Binary 
Alloys 

Studies  of  monotectic  alloys 
and  alloy  analogs  are 
reviewed. 

A  report  surveys  research  on  liquid/ 
liquid  and  solid/liquid  separation  in  binary 
monotectic  alloys.  The  report  empha- 
sizes separation  processes  in  low  gravity, 
such  as  in  outer  space  or  in  tree  fall  in 
drop  towers 

Monotectic  alloys  are  characterized 
by  temperature/composition  regions  in 
which  the  liquid  phases  are  immiscible  In 
normal  Earth  gravity,  the  droplets  of  the 
minority  phase  do  not  remain  dispersed 
uniformly  in  the  majority  phase  Instead, 
because  their  density  is  usually  different 
from  that  of  the  majority  phase,  the  drop- 
lets rise  to  the  top  or  fall  to  the  bottom  of 
the  melt  Only  in  nearly  zero  gravity  can 
the  dispersed  droplets  be  frozen  in  place 
during  solidification  —  hence  the  interest 
in  low-gravity  research  on  these  promis- 
ing alloys 

The  report  first  reviews  early  experi 
ments,  including  drop-tube  work  on 
bismuth  and  gallium,  rocket  flights  with 
aluminum/indium,  and  orbital  missions 
with  oil/water  mixtures  on  Skylab  and 


zinc/lead  on  Apollo-Soyuz  The  results  of 
these  experiments  prompted  researchers 
to  look  more  seriously  at  phase-separa- 
tion mechanisms,  especially  droplet 
migration  in  thermal  gradients.  If  inter- 
facial  tension  decreases  with  increas- 
ing temperature,  as  it  does  in  most  ma- 
terials, the  droplets  of  the  minority 
phase  will  drift  in  the  direction  of  the 
thermal  gradient.  The  report  describes 
thermal-migration  experiments  with 
transparent  solutions. 

The  report  takes  up  the  critical-point 
wetting  phenomenon  and  its  role  in  phase 
separation  and  solidification.  Advances  in 
methods  of  controlling  separation  in  ex- 
periments are  highlighted. 

A  major  difficulty  in  studying  metal  mon- 
otectic systems  is  that  most  of  the  infor- 
mation must  be  gleaned  from  the  final  so- 
lidified products  As  a  result,  much  effort 
over  the  past  several  years  has  been  de- 
voted to  developing  transparent  anal- 
ogous systems  for  studying  phase 
separation    The  report  surveys  this 


work.  It  considers  holographic  tech- 
niques for  investigating  spinodal 
decomposition  in  transparent  systems. 
It  also  considers  directional- 
solidification  experiments  with  sue- 
cinonitrile  in  water,  a  mixture  that  is  not 
only  transparent  but  also  solidifies  at 
convenient  temperatures  (around 
20  °C). 

777/s  work  was  done  by  Donald  0. 
Frazier,  Barbara  R.  Facemire.  William  F. 
Kaukler,  William  K.  Witherow,  and  Ursula 
Fanning  of  Marshall  Space  Flight  Cen- 
ter. Further  information  may  be  found  in 
NASA  TM-82579  [N84-24773/NSP],  'Se- 
paration Processes  During  Binary  Mono- 
tectic Alloy  Production"  [A03]  A  paper 
copy  may  be  purchased  [prepayment  re- 
quired] from  the  National  Technical  Infor- 
mation Service,  Springfield,  Virginia 
22161.   MFS-27074  /in 
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Licensing 
Opportunities 


Lightweight  Ceramic  Insulation 

A  fiber  burnout  process 
yields  low  densities. 


A  rigid  ceramic  insulation  has  a  density 
of  2  to  6  lb/ft3  (32  to  96  kg/m3)  —  low 
enough  that  it  can  replace  flexible  insula- 
tion in  applications  where  low  weight  is 
essential  In  contrast  with  the  loose  fibers 
or  blankets  of  flexible  insulation,  the  new 
insulation  does  not  pack  together  or  shift 
It  is  thermally  stable,  and.  with  a  flexural 
strength  of  25  to  75  lb/in.2  (1 70  to  500  kN/m2), 
it  retains  its  shape  under  light  loading  (see 
figure).  Originally  developed  for  use  on 
the  Space  Shuttle  and  other  spacecraft, 
the  rigid  insulation  can  be  machined  to 
the  requisite  shape  and  bonded  in  place. 

The  low  density  is  attained  by  a  proc- 
ess of  sacrificial  burnout  Graphite  or  car- 
bon fibers  are  mixed  into  a  slurry  of  silica, 
alumina,  and  boron-compound  fibers  in 
amounts  ranging  from  25  to  75  percent  of 
total  fiber  content  by  weight  The  mixture 
is  formed  into  blocks  and  dried.  The 
blocks  are  placed  in  a  kiln  and  heated  to 
1,600°  F  (870°  C)  for  several  hours.  Dur- 
ing this  time,  the  graphite  or  carbon  fibers 
slowly  oxidize  away,  leaving  voids  and 
thereby  reducing  the  block  density.  Final- 
ly, the  blocks  are  heated  to  2,350°  F 
(1,290°  C)  for  90  minutes  to  bond  the  re- 
maining ceramic  fibers  together 
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The  Flexural  Strength  of  lightweight  rigid 
insulation  (solid  dots)  follows  the  curve  for 
higher  density  ceramic  tiles  of  the  same 
composition  (small  circles). 


Before  the  graphite  or  carbon  fibers 
are  added  to  the  casting  slurry,  they  are 
chopped  and  dispersed  in  deionized 
water.  Graphite  and  carbon  were  chosen 
as  the  materials  for  the  burnout  after  ex- 
periments with  cotton  and  nylon  fibers. 
The  graphite  and  carbon  fibers  proved  to 
be  more  compatible  with  the  rigid- 
insulation  manufacturing  process. 

This  work  was  done  by  William  H. 
Wheeler  and  John  R.  Creedon  of  Lock- 
heed Missiles  &  Space  Co.  Inc.  for  Johnson 
Space  Center. 

Inquiries  concerning  rights  for  ilie 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Johnson  Space  Center 
Refer  to  MSC-20831.  /TN 

Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer 

William  Chmylak 

Mail  Code  AL32 

Houston  TX  77058 

(713)483  3809 

Patent  Counsel: 

Marvin  F  Matthews 

Mail  Code  AL3 

Houston,  TX  77058 

(713)  483-4871 
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Fast  Glazing  of  Alumina/Silica  Tiles 

This  technique  prevents  cracking 
of  substrates  or  coatings. 


Surface  Cracking  (left)  was  evident  after  a  ceramic-coated  45-percent  alumina/55-percent  silica  tile,  fired  at  2,250  °F  (1,232  °C)  for  95 
minutes,  was  removed  from  a  glazing  kiln.  No  surface  cracking  (right)  occurred  in  an  identical  tile  fired  at  2,372°F  (1,300 °C)  for  1.5 
minutes,  cooled  to  room  temperature,  and  then  fired  at  2,660  °F  (1,460 CC)  for  1.5  minutes. 


A  new  technique  for  applying  a  ce- 
ramic coating  to  fibrous  silica/alumina  in- 
sulation tiles  prevents  cracks  and  sub- 
stantially reduces  firing  time.  This  tech- 
nique can  be  used  to  repair  tiles  with 
damaged  coatings  and  possibly  could  be 
used  in  heat-treating  objects  made  of 
materials  having  different  thermal-expan- 
sion coefficients. 

The  ceramic  coating  is  applied  to  tiles 
made  of  alumina  and  silica  fibers.  In  the 
previous  glazing  technique,  the  coated 
tiles  were  heated  for  95  minutes  in  a 
roller-hearth  kiln  at  2,250  °F  (1,232°C). 
On  various  tiles  of  22-percent  alumina 
and  78-percent  silica,  the  coatings  did  not 
crack.  However,  on  HTP-12  tiles  [45-per- 
cent alumina,  55-percent  silica,  density 
12  lb/ft3  (192  kg/m3)],  both  the  coatings 
and  the  substrates  cracked  (see  left  side 
of  figure).  This  cracking  is  attributed  to 


the  difference  between  the  coefficients  of 
thermal  expansion  of  the  coatings  and 
the  substrates:  The  coating  has  a  coeffi- 
cient of  6.07  x  10-7  (°F)-1  [10.9  x  10-7 
(°C)-1],  while  the  substrate  has  a  coeffi- 
cient of  about  23  x  10-7(°F)-1[41  x  10-7 
(°C)-1]. 

To  reduce  the  thermal  stresses  in  the 
tile  being  coated,  a  high-temperature, 
short-time  firing  schedule  was  imple- 
mented. Such  a  schedule  allows  the 
coating  to  mature  while  the  substrate  re- 
mains at  a  relatively  low  temperature, 
thereby  reducing  the  stress  differential 
between  the  coating  and  substrate. 

To  test  this  approach,  a  45/55  alu- 
mina/silica tile  of  6  by  6  by  2  in.  (1 5  by  1 5 
by  5  cm)  was  heated  for  1.5  minutes  at 
2,372°F  (1,300°C),  cooled  to  75°F 
(24  °C),  then  exposed  to  2,660  °F 
(1,460°C)  for  another  1.5  minutes.  As 
shown  on  right  side  of  the  figure,  no 


coating  or  substrate  fractures  were 
observed.  The  conditions  were  not  op- 
timized for  this  tile  and  coating,  and  other 
temperature/time  combinations  might  be 
satisfactory. 

In  addition  to  eliminating  cracks,  the 
new  approach  has  the  advantage  of  in- 
creasing production  rates,  because  the 
firing  time  is  substantially  reduced.  This 
technique  might  allow  the  elimination  of 
the  machining  offsets  currently  applied  to 
all  tiles  to  allow  for  tile  shrinkage  during 
heating.  Thus,  the  tiles  might  be  machined 
to  final  (net)  dimensions,  with  a  potential 
saving  of  material  and  machining  time. 
This  technique  also  could  be  used  to  repair 
tiles  with  damaged  coatings,  because  sec- 
tions of  the  tiles  could  be  glazed  without  af- 
fecting the  substrate  dimensions. 

It  should  be  noted  that  this  concept  is 
applicable  only  to  thin  coatings  because  of 
the  need  to  heat  the  coating  rapidly.  More- 
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over,  because  the  coating  layer  is  sub- 
jected to  severe  thermal  stress  during 
flash  heating  and  rapid  cooling,  this  techni- 
que might  not  be  suitable  for  coatings  that 
cannot  tolerate  thermal  stresses. 

This  work  was  done  by  John  F.  i 

Creedon,  Edward  R.  Gzowski,  and  William 
H  Wheeler  of  Lockheed  Missiles  &  Space 
Co.,  Inc.,  for  Johnson  Space  Center. 
MSC-20976  /IN 
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Tests  of  Solar-Array 
Encapsulates 


Materials  were  tested  for 
degradation  by  heat  and  light. 

A  report  presents  early  results  of  a 
continuing  series  of  photothermal  aging 
tests  of  some  candidate  encapsulating 
materials  for  solar  photovoltaic  modules. 
The  objectives  of  the  testing  program  are 
to  contribute  to  the  development  of  dur- 
able, low-cost  encapsulants  and  to  predict 
the  lifetimes  of  encapsulated  photovol- 
taic modules  placed  outdoors.  Toward 
these  ends,  the  tests  are  designed  to  re- 
veal physical  and  chemical  degradation 
mechanisms  that  affect  the  encapsulants 

The  potting  materials  tested  include 
ethylene  vinyl  acetate  copolymer,  polyvi- 
nyl butyral,  room-temperature-vulcaniz- 
ing silicone  rubber,  ethylene  methyl 
acrylate  copolymer,  poly-n-butyl  acrylate, 
and  two  aliphatic  polyurethanes.  Also 
tested  were  some  acrylics  and  fluorocar- 

«s  that  are  likely  to  be  used  as  outer- 
er  film  materials. 

Samples  of  these  materials  were  aged 
at  55°,  70°,  85°,  105°,  and  135°  C.  Con- 
trol samples  were  aged  in  the  dark  while 
photothermal  samples  were  exposed  to 
ultraviolet  radiation  from  a  mercury  lamp. 
Some  specimens  were  mounted  be- 
tween glass  covers  to  limit  the  access  of 
oxygen,  while  others  were  exposed  to  the 
air. 


Changes  in  several  materia!  properties 
were  observed  in  the  aged  samples. 
These  included  the  following: 

•  Optical  transmittance  was  measured  in 
the  wavelength  range  of  300  to 
1,200  nm.  This  helps  quantify  chemical 
changes  involving  the  formation  of  oxi- 
dized species,  indicated  the  component 
of  diminution  of  photovoltaic  perfor- 
mance due  to  the  loss  of  transmittance, 
and  gave  a  measure  of  the  ultraviolet- 
screening  ability  of  outer-cover  films. 

•  Weight  loss  was  measured  to  deter- 
mine the  loss  due  to  evaporation  of 
plasticizers,  leaching  of  additives,  and 
formation  of  volatile  degradation  prod- 
ucts. Weight-loss  measurements  corre- 
late with  the  formation  of  voids,  which 
may  cause  delamination  and  corrosion. 

•  The  uniaxial  stress/strain  response  was 
measured  to  develop  engineering  mod- 
ulus data  and  information  on  the  stress- 
relaxation  or  creep  behavior  of  the 
materials. 

•  For  partially  cross-linked  polymers, 
solvent  swelling  and  sol/gel  ratios  yield 
information  on  the  network  cross-link 
density  and  shape,  which  are  critical 
structural  parameters  that  control  phys- 
ical and  chemical  properties.  Aging 


causes  changes  in  these  parameters; 

consequently,  changes  in  swelling  and 

sol/gel  ratios  are  important  measures 

of  the  outdoor  stability  of  polymers. 

This  work  was  done  by  Ranty  H,  bang. 

Keri  L  Oda,  Shirley  Y  Chung,  Mark  V. 

Smith,  and  Amitava  Gupta  of  Caltech  for 

NASA's  Jet  Propulsion  Laboratory. 

Further  information  may  be  found  in 

NASA  CR- 172989  [N83-33339/NSP], 

"Handbook  of  Photothermal  Test  Data  on 

Encapsulant  Materials"  [A08]  &  copy 

may  be  purchased  [prepayment  required] 

from  the  National  Technical  Information 

Service,  Springfield,  Virginia  22161. 

NPO -16387  /TN 
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Measuring  Seebeck  Coefficients  With  Large  Thermal  Gradients 

An  apparatus  takes  measurements  and  analyzes  data  automatically. 


The  search  for  thermoelectric  mate- 
rials for  the  conversion  of  heat  to  power 
will  be  aided  by  a  highly  automated 
apparatus  that  measures  Seebeck  coeffi- 
cients rapidly  and  accurately.  Convenient- 
ly shaped  samples  are  used,  and  the  re- 
sults are  calculated  by  a  microcomputer 
and  printed  out. 

The  Seebeck  coefficient  is  obtained 
from  short,  rod-shaped  samples  by  the 
"integral"  method  of  measuring  the 
Seebeck  voltage,  V(T),  in  which  one  end 
of  a  sample  is  held  at  a  fixed  temperature, 
Tc,  while  the  other  end  is  varied  auto- 
matically through  the  temperature  range 
of  interest  (up  to  a  maximum  temper- 
ature, T,  of  1 ,300K).  The  Seebeck  coef- 
ficient, S(T),  is  obtained  from  S(T)  = 
dV(T)/dT. 

As  shown  in  the  figure,  the  sample  is 
pressed  (by  external  springs)  between  a 
resistance-heated  molybdenum  cylindri- 
cal furnace  and  a  copper  water-cooled 
plate.  Thermal  insulation  between  the  hot 
and  cold  plates  is  provided  by  either  bulk 
fiber  or,  preferably,  multiple  molybdenum 
radiation  shields.  The  entire  apparatus  is 
inside  a  bell  jar  evacuated  to  about  10'7 
torr  (10-5  N/m^), 

For  the  cold  junction,  a  single  strand  of 

Nb  thermocouple  wire  is  threaded 
through  two  diametrically  opposite  holes 
of  a  four-bore  Al203  tube,  and  a  single 
strand  of  w  Chromel  (or  equivalent)  wire 
is  threaded  through  the  other  two  holes; 
the  two  wires  cross  at  the  tube  end  and 
form  the  thermocouple  junction.  The 
wires  are  pressed  against  the  bottom  of 
the  sample  by  means  of  a  lever  and  a 
weight.  An  In  washer  is  used  to  lower  the 
thermal  resistance  between  the  sample 
and  the  cold  plate. 

A  similar  thermocouple  configuration 
is  used  for  the  hot  junction,  except  that 
the  Al203  tube  is  replaced  by  a  sapphire 
button.  The  external  spring  pressure  on 
the  hot  plate  presses  this  junction  on  the 
end  of  the  sample.  The  voltages  pro- 
duced by  the  two  thermocouples  provide 


Water-Cooled 
Cu  Base  Plate 


In  this  Apparatus  for  Measuring  Seebeck  Coefficients,  a  cylindrical  sample  is  pressed  be- 
tween a  heater  and  a  water-cooled  baseplate.  Thermocouples  at  opposite  ends  of  the  sam- 
ple provide  both  the  temperatures  and  the  Seebeck  voltages. 


both  Tc  and  T  and  the  Seebeck  voltage, 
V(T).  In  this  way  the  ideal  is  approached 
of  measuring  the  temperature  (T)  and  the 
Seebeck  voltage  at  the  same  points  on 
the  specimen. 

The  temperature  of  the  hot-plate  fur- 
nace is  automatically  increased  slowly 
above  room  temperature  by  increasing 
the  input  from  a  variable  transformer 
driven  by  a  geared-down  electric  motor.  A 
W/Nb  thermocouple  is  used  to  monitor  the 
furnace  temperature  and  provide  input  to 


a  set-point  temperature  controller.  At  a 
predetermined  temperature,  the  output  of 
the  controller  causes  the  motor  to  reverse 
and  the  temperature  to  decrease  slowly 
back  to  room  temperature.  Throughout 
each  cycle,  the  Seebeck  data  are  fed  to  a 
microcomputer;  the  final  results  are 
printed  in  tabular  form  and  plotted. 

This  work  was  done  by  Charles  Wood, 
Artur  Chmielewski,  and  L  Daniel  Zoltan 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-16667  /TN 


FOR   ADDITIONAL   INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)621-0100  Ext.  241 
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Particle-Contamination  Measurement  in  Hydraulic  Fluid 

Dilution  of  the  sample  with  a  fluid  of  known  contamination  leads  to 
accurate  results  using  a  particle  counter. 


The  U.S.  Army  Test  and  Evaluation  Command 
has  studied  two  methods  of  counting  panicles  in 
hydraulic  fluid:  (1 )  dilution  with  a  fluid  of  known  con- 
tamination, and  (2)  recycling  the  fluid.  As  shown  in 
the  figure,  the  dilution  technique  gave  the  most  ac- 
curate results.  With  this  technique,  accurate 
analyses  can  be  performed  on  hydraulic-fluid 
samples  as  small  as  25  ml.  A  savings  of  $1 80/sam- 
ple  can  be  attained,  increased  accuracy  is  real- 
ized, rapid  turn-around  time  is  possible,  and  a  wider 
range  of  equipment  can  be  serviced. 

Tests  showed  that  the  flow  rate  is  a  critical  fac- 
tor in  particle-count  determinations  made  using 
particle  counters.  These  results  led  to  the  decision 
that,  whenever  possible,  the  diluent  and  the  con- 
taminated hydraulic  fluid  should  be  of  the  same 
type. 

To  determine  the  most  accurate  method  of  dilu- 
tion, the  first  step  was  to  develop  a  method  to  clean 
the  diluting  hydraulic  fluid.  The  method  developed 
involved  centrifuging  and  deaerating  the  fluid.  The 
next  step  was  to  add  a  small  amount  of  the  con- 


Particle  Size 

Avg.  Z   Error 

Avg.  Z  Error 

(Microns) 

(Dilution) 

(Recycle) 

5 

5 

86 

15 

5 

83 

25 

8 

87 

50 

11 

73 

100 

16 

48 

2  50 

0 

10 

The  Average  Percent  Error  for  the  dilution  and  the 
recycling  techniques  of  counting  particles  in  hydraulic 
fluids  was  calculated  by  comparing  the  predicted  and  ac- 
tual particle  counts  in  each  case. 

taminated  hydraulic  fluid  to  the  clean  diluent.  The 
resulting  fluid  was  thoroughly  mixed  and  run 
through  a  particle  counter. 


FOR  ADDITIONAL  INFORMATION 

Vbu  can  learn  more  details  about  this  technology  by  contacting: 
Commander 

US  Army  Combat  Systems  Test  Activity 
Attn  STECS-EN-PC  (J  Typanski) 
B/dg  362.  Chemistry  Branch 
Aberdeen  Proving  Ground,  MD  21005-5059 
Telephone  No  (301)  278-3165 


This  document  was  prepared  under  the  sponsorship  ot  the  U  S  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ot  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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/VSATech  Brief 


Veronautics  .ind 
If  i  illustration 


Effects  of  Radiation  on 
Coalings 

Tests  help  to  insure  reliability 
in  a  hostile  environment. 


Tests  of  radiation  damage  to  materials 
used  in  the  outer  coverings  of  spacecraft 
are  described  in  a  25-page  report.  The 
materials  were  exposed  to  ionizing  radia- 
tion then  examined  for  the  degradation  of 
desirable  mechanical,  electrical,  and  op- 
tical properties.  Some  of  the  experimental 
results  and  test  methods  may  be  applic- 
able to  aircraft,  scientific  instrumentation, 
and  othei  equipment  subject  to  ionizing 
radiation,  electrostatic  discharge,  or  both. 

Electrically  conductive  tapes  for  pre- 
venting static-charge  buildup  were  exam- 
ined for  decreases  in  peel  and  ultimate  ten- 
sile strengths.  The  tests  were  performed 
on  tapes  with  aluminum  and  copper  coat- 
ings The  electrical  grounding  capability  of 
the  copper  tape  is  superior  to  that  of  alumi- 
i  lum  tape,  but  the  aluminum  tape  retained 
more  ot  its  original  mechanical  strength 
aftei  irradiation  with  electrons 

Two  types  of  thermal  blankets  were  ex- 
posed to  a  flux  of  energetic  protons  to 


match  the  environment  expected  in  the 
vicinity  of  Jupiter  Both  types  of  blanket 
included  about  15  layers  of  Vi-mil 
(0.006-mm)  polyethylene  terephthalate 
One  type  had  a  front-surface  layer  of  1-mil 
(0.025-mm)  polytetrafluoroethylene  filled 
with  glass  fibers  and  carbon,  while  the 
other  had  a  surface  layer  of  1  5-mil 
(0.038-mm)  polyester  over  0  5-mil 
(0.01 3-mm)  polyimide.  The  first  type  show- 
ed more  erosion  of  the  front  layer  than  did 
the  second  type  (16.3  percent  versus  1.8 
percent  by  weight). 

Paints  and  other  coatings  for  temper- 
ature control  are  listed  with  some  of  their 
mechanical,  electrical,  and  thermooptical 
properties  The  list  includes  both  unfilled 
and  carbon  or  graphite-filled  organic  coat- 
ings (silicone,  polyurethane,  epoxy,  fluoro- 
carbon,  and  polyester)  and  inorganic 
coatings  (silicate,  titanate,  ferric  titanate, 
and  zinc  orthotitanate)  The  effects  of  radi- 
ation differ  among  the  various  coatings 


and  include  graying,  increase  in  reflect- 
ance, weight  loss,  surface  erosion,  and 
loss  of  surface  conductivity. 

The  report  also  describes  standardized 
procedures  and  equipment  for  measuring 
the  bulk  and  surface  electrical  resistivities 
of  coatings.  While  the  basic  techniques  of 
resistivity  measurement  are  simple  and 
well  known,  these  test  specifications  are 
useful  in  coping  with  the  peculiarities  of 
coatings;  in  particular,  by  reducing  en- 
vironmental variations  in  the  samples  and 
insuring  complete  contact  between  elec- 
trodes and  samples. 

This  work  was  done  by  Frank  L. 
Bouquet,  Victor  F.  Hribar,  and  Edward  C. 
Metzler  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-16533  /IN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


A  Method  for  Characterizing  PMR-15  Resin 

The  change  in  composition  with 
aging  makes  analysis  essential. 


A  quantitative  analysis  technique  based 
on  reverse-phase,  high-performance  liquid 
chromatography  (HPLC)  and  paired-ion 
chromatography  (PIC)  was  developed 
for  PMR-15  resins.  PMR-15  resin  has 
gained  acceptance  as  a  matrix  resin  in 
carbon-fiber  composites  requiring  ther- 
mo-oxidative  stability  at  temperatures 
up  to  600  °F  (320  °C).  Verification  of 
proper  resin  formulation  and  analysis  of 
changes  in  resin  composition  during 
storage  are  important  to  the  manufac- 
turers of  PMR-15  polymer  matrix  com- 
posite parts. 

The  freshly-prepared  resin  solution 
consists  of  three  monomers:  BTDE, 
MDA,  and  NE,  which  are  dissolved  in 
methanol.  A  prepreg  is  formed  by 
coating  carbon  fiber  fabric  with  the 
monomer  solution  and  then  evap- 
orating the  methanol.  Composite  parts 
are  manufactured  by  assembling  plies 
of  prepreg  and  curing  at  high  tempera- 
ture. 

The  processability  and  performance 
of  the  PMR-1 5  resin  depend  on  its  com- 
position. However,  the  composition  of 
the  resin  solution  and  prepreg  changes 
as  the  solution  is  aged.  The  change  is  a 
result  of  the  premature  reaction  of  the 
monomers  with  each  other,  as  well  as 
of  the  reaction  of  the  monomers  with 
methanol  in  the  solvent  and  water  from 
the  atmosphere.  The  components  of 
the  aged  solution  exhibit  a  wide  range 
of  molecular  properties,  such  as  molec- 
ular weight,  polarity,  solubility,  and 
dissociation  constant.  It  is  difficult  to 
find  a  single  separation  technique 
suitable  for  all  components.  Some  ot 
the  components  are  not  readily  isolated 
in  pure  form.  This  makes  quantitative 
analysis  difficult  since  standard  sam- 
ples are  not  available. 

A  schematic  diagram  of  the  experi- 
ment is  shown  in  Figure  1 .  In  reverse- 
phase  HPLC,  a  polar  solvent  flows 
through  a  column  packed  with  a  non- 
polar  substrate.  A  molecule  passing 
through  the  column  will  spend  some 
time  dissolved  in  the  flowing  solvent 
and  the  remaining  time  adsorbed  on 
the  substrate.  When  a  sample  contain- 


Solvent  Flow 


Solvent 
Pump 


Detector 


Figure  1.  In  a  Reverse-Phase  HPLC  Experiment,  a  polar  solvent  containing  the  material 
to  be  analyzed  is  passed  through  a  column  packed  with  a  nonpolar  substrate. 
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Figure  2.  The  Composition  of  a  PMR-15  Resin  of  50  weight  percent  changes  as  the  resin 
ages  at  room  temperature. 


ing  several  components  is  injected  into 
the  column,  its  pure  components  elute 
from  the  column  in  order  of  decreasing 
polarity. 

Components  which  are  ionized  in  so- 
lution do  not  adsorb  onto  the  nonpolar 
substrate  and  are  not  separated  by 
reverse-phase  HPLC.  Ionized  compo- 
nents can  be  separated  by  paired-ion 
chromatography  (PIC).  The  addition  of 
a  PIC  reagent  to  the  solvent  during  a 
reverse-phase  HPLC  experiment  re- 
sults in  the  separation  of  the  ionized 


components  without  affecting  the  sepa- 
ration of  the  nonionized  components. 
This  approach  was  used  to  obtain  com- 
plete separation  of  all  components  in 
aged  PMR-15  resin 

Response  factors  were  determined 
for  quantitative  analysis.  The  composi- 
tion of  a  PMR-15  resin  solution  was 
measured  as  a  function  of  room-tem- 
perature aging  time  (Figure  2).  The 
composition  of  resin  dissolved  from  a 
commercial  prepreg  was  also  meas- 
ured   This  technique  appears  to  be 
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especially  suitable  for  commercial  use 
by  the  manufacturers  of  high-perform- 
ance composite  components. 

This  work  was  done  by  Gary  D. 
Roberts  and  Richard  W.  Lauver  of  i 

Lewis  Research  Center. 
LEW- 14253  /TN 


FOR   ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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National  Aeronautics  and 
Space  Administration 


AN  ASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Mapping  the  Structure  of  Heterogeneous  Materials 

An  image-processing  microdensitometer/Fourier 
analyzer  yields  statistics  of  subcomponent  distribution. 


SCANNING-ELECTRON-MICROSCOPE  ENERGY-DISPERSIVE  X-RAY  ANALYSIS 

PHOTOGRAPH  OF  A  PROPELLANT  CHLORINE  MAP  OF  THE  PROPELLANT 

SHOWN  AT  THE  LEFT 
Figure  1.  Aspects  of  the  Oxidizer  Chlorine  Distribution  in  a  propellant  are  shown  by  sim- 
ple scanning-electron  microscopy  with  energy-dispersive  X-ray  analysis. 


|  A  nondestructive  method  for  studying 
the  structure  of  heterogeneous  materials 
uses  energy-dispersive  X-ray  analysis  in  a 
scanning  electron  microscope.  A  scanning 
microdensitometer/Fourier  analyzer  (SMFA) 
is  applied  to  the  SEM  images  to  obtain  sta- 
tistics about  the  sample  structure. 

The  method  was  originally  developed 
for  studying  the  effect  on  combustion  of 


the  fine  structure  of  composite  solid  pro- 
pellants  The  propellant  studied  includes 
ammonium  perchlorate  as  an  oxidizer  and 
hydroxyl-terminated  polybutadiene  as  a 
binder.  Three  samples  were  prepared  for 
analysis;  one  with  coarse  oxidizer  particles 
(mass  mean  particle  size  approximately 
200  ^m),  one  with  fine  particles  (10  um), 
and  one  containing  both  size  groups  The 


results  for  a  representative  bimodal  sam- 
ple are  shown  in  the  figures 

Since  there  is  chlorine  in  the  oxidizer, 
but  not  in  the  binder,  its  presence  maps  the 
oxidizer  distribution  The  SEM  images  are 
analyzed  with  the  SMFA,  first  to  obtain  the 
projection  of  the  chlorine  concentration 
along  the  axis,  and  then  to  obtain  the 
spatial-frequency  distribution. of  the  fluctu- 
ations in  that  distribution  Finally,  by  taking 
the  reciprocals  of  the  frequencies  of  peaks 
in  the  spatial  frequency  distribution,  char- 
acteristic dimensions  related  to  the  sample 
are  obtained 

From  tabulations  of  the  characteristic 
dimensions  for  a  number  of  samples,  it  ap- 
pears that  the  characteristic  dimensions 
correspond  approximately  to  the  range  of 
particle  sizes  in  the  samples  The  charac- 
teristic dimensions  for  the  coarse  samples 
ranged  from  45  to  398  urn.  those  for  the 
fine  samples,  from  8  to  38'  urn 

This  work  was  done  by  Leon  D  Strand 
Norman  S  Cohen,  and  Miguel  A  Hernanof 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. NPO  -16487  /TN 
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Figure  2.  Analyses  of  Scanning- 
Microdensitometer  Measurements  of  the 

chlorine  map  in  Figure  1  yield  data  that  help 
to  characterize  the  oxidizer-density 
distribution. 
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United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Electron  Microscopy  Embedding,  Sectioning, 
Imaging  Techniques 


and 


Most  samples  examined  by  electron  microscopy  are  thin  slices 
(sections)  of  tissues  that  have  been  embedded  in  resins.     The  re- 
sins preserve  and  stabilize  the  tissues  so  that  they  can  be  sectioned 
and  then  examined  without  deterioration.     Unfortunately,  the  pro- 
cedures, though  simple,  are  fraught  with  problems  in  that  they 
(i.e.,  the  procedures)  markedly  influence  the  appearance  of  the 
tissues  in  ways  that  are  not  always  obvious.     Some  of  the  problems: 
a)  cause  and  elimination  of  section  contamination,  b)  relationship 
between  tissue  fixation  and  embedding,  c)  stability  of  embedding 
resins,  and  d)  evaluation  of  diamond  knives  were  researched.  Pos- 
sible remedies  were  found  for  many  of  them.     These  remedies 
will  aid  newcomers,  as  well  as  many  experienced  researchers,  in 
producing  better  electron  micrographs  and  in  making  more  ac- 
curate interpretations. 


FOR  ADDITIONAL  INFORMATION:     Contact:     Dr.  Hilton  H. 
Mollenhauer,  USDA,  ARS,  VTREL,  P.O.  Drawer  GE,  College 
Station,  TX    77841;  (40?)  260-9374. 
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Project  Number:  6127065530L11 


Filing  Code:  68G002 


Deactivating  Mycotoxins  With  Common  Disinfectants 

The  disinfectants  are  tested  at  various  temperatures  and  concentrations. 


A  study  has  evaluated  the  effectiveness  of  three 
readily  available  disinfectants  in  decontaminating 
trichothecene  (T-2)  toxin,  a  metabolic  product  of 
such  imperfect  fungi  as  Fusarium.  T-2  causes  tox- 
icosis, with  such  symptoms  as  vomiting,  skin  in- 
flammation, hemorrhaging,  angina,  and  bone- 
mar  tow  exhaustion.  Fusarium  species  are  most 
frequently  isolated  from  such  affected  materials  as 
corn,  wheat,  and  other  foodstuffs. 

The  exposure  of  materials  to  T-2  would 
necessitate  a  rapid  and  thorough  cleaning  pro- 
cedure —  one  that  would  completely  inactivate 
the  toxin  without  destroying  the  equipment  being 
decontaminated.  Speed  is  essential:  therefore,  a 
chemical  treatment  rather  than  a  biological  one 
may  be  needed. 

The  study,  which  was  done  by  the  U.S.  Army 
Natick  Research  and  Development  Center,  found 
that  supertropical  bleach  had  only  limited  potential 
as  a  decontaminating  agent  (see  table):  complete 
degradation  of  T-2  occurred  only  at  the  most 
elevated  temperatures  when  the  recommended 
concentration  (9.52  percent  by  volume  in  water) 
was  used.  At  lower  temperatures,  supertropical 
bleach  may  work  well  if  its  concentration  is  in- 
creased. However,  a  number  of  intermediate  com- 
pounds of  T-2  toxin  degradation  are  apparently 
formed.  The  toxicity  and  mutagenicity  of  these 
compounds  are  unknown  at  present.  The  decon- 
tamination data  are  similar  for  calcium 
hypochlorite,  which  is  the  major  component  of 
supertropical  bleach. 

D-S2,  a  strong  base,  was  the  most  effective 
decontaminating  agent  tested.  It  was  less  affected 
than  supertropical  bleach  by  reduced  temperature. 
The  transformation  of  T-2  was  complete  at  the 
recommended  concentration  at  all  test 
temperatures.  However,  D-S2  forms  an  in- 
termediate that  persists  at  all  temperatures.  The 
identity  and  toxicity  of  the  intermediate  have  yet  to 
be  determined. 


Disinfectant 

T-2 
Transformation 

Intermediates 

Ca  (OCI), 

Moderate 
Moderate 
Extensive 
Extensive 
Complete  at  45  mln 

Moderate 
Complete  at  60  mln 
Complete  at  45  mln 

Complete  at  180  min 

Complete  at  15  min 

Complete 

+ 
+ 
+ 
+ 
-  at  45  mln 

+ 
+ 

-  at  120  mln 

+ 

-  at  45  mln* 

200  ppm  Cl2 

2,000  ppm  Cl2 

10,000  ppm  Cl2 

20,000  ppm  Cl2 

40,000  ppm  Cl2 

Supertropical  Bleach 

2,400  ppm  Cl2 
1.06%  w/v  STB 
9.52%  w/v  STB 

D-S2 

0.01  Use  Concentration 
0.10  Use  Concentration 
1 .00  Use  Concentration 

"As  early-formed  Intermediates  begin  to  fade,  a  new,  persistent 
degradation  product  Is  formed. 

+  Indicates  intermediates  are  present. 

-  Indicates  intermediates  are  absent. 

The  Effectiveness  of  Three  Disinfectants  on  T-2  toxin  was 
measured  at  temperatures  from  30  °C  (shown  here)  to  5  °C. 
D-S2  was  the  most  effective  but  yields  a  persistent  byproduct  of 
unknown  toxicity. 
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0&EPA         Project  Summary 


A  Computerized  System  for  the 
Evaluation  of  Aquatic  Habitats 
Based  on  Environmental 
Requirements  and  Pollution 
Tolerance  Associations  of 
Resident  Organisms 


The  Environmental  Requirements  and 
Pollution  Tolerance  (ERAPT)  system  is  a 
computerized  retrieval  and  analysis  system 
for  environmental  information  on  aquatic 
organisms.  It  can  be  used  to  predict 
organism  assemblages  based  on  envir- 
onmental conditions,  to  describe  en- 
vironmental characteristics  associated 
with  plants  and  animals  which  inhabit 
specific  sites,  and  to  compare  site  char- 
acterizations with  associated  biological 
communities  for  inconsistencies  resulting 
from  organism  misidentification  or  erron- 
eous habitat  information.  It  can  also  iden- 
tify species  that  are  particularly  sensitive 
to  specific  sets  of  environmental  condi- 
tions and  can  predict  changes  in  species 
composition  that  are  likely  to  result  from 
environmental  disturbance. 

The  system  has  been  developed  for  an 
IBM  370/3033*  computer  system.  It  can 
be  used  interactively  to  predict  and 
evaluate  aquatic  habitats  and  organism 
assemblages.  ERAPT  computerized  data 
bases  contain  57,345  biological,  physical, 
chemical,  and  distributional  characteristics 
drawn  from  883  sources  for  1,691  species 
of  North  American  diatoms,  blue-green 
algae,  the  insect  orders  Ephemeroptera 
(mayflies)  and  Plecoptera  (stoneflies),  the 
dipteran  family  Chironomidae  (midges), 
and  the  fishes  of  U.S.  Environmental 
Protection  Agency  Region  5  (North  Cen- 
tral U.S.). 

The  system  was  tested  by  comparing  its 
prediction  of  environmental  conditions 
based  on  the  dominant  fish  community 
with  environmental  characteristics  ob- 
tained from  aquatic  habitat  surveys  for  64 


sites  on  three  river  systems  in  Ohio.  An 
overall  successful  prediction  rate  of  95% 
was  achieved.  Where  disagreements  be- 
tween predicted  and  reported  environmen 
tal  characterizations  occurred,  they  almost 
always  were  among  very  similar  tolerance 
ranges  or  habitat  types. 

Introduction 

Aquatic  organisms  long  have  been 
recognized  as  potentially  useful  indicators 
of  habitat  conditions  and  water  quality. 
This  is  due  to  their  ability  to  reflect  con- 
ditions through  time,  to  demonstrate  the 
effects  of  disturbances  after  the  environ- 
ment has  returned  to  apparently  normal 
physical  and  chemical  conditions,  to 
integrate  the  effects  of  many  different  en 
vironmental  factors  and  their  interactions 
simultaneously,  and  to  provide  a  living 
context  for  considerations  of  environmen- 
tal quality.  The  basic  requirements  for 
indicator  organisms  are  that  they  must  be 
sensitive  to  environmental  changes  and 
have  life  spans  and  generation  lengths 
which  are  appropriate  for  use  in  environ- 
mental assessment,  long  enough  to  reflect 
intermittent  or  occasional  disturbances, 
and  short  enough  to  subject  sensitive  life 
stages  to  adverse  environmental 
conditions. 

Environmental  data  and  reports  vary 
widely  in  quality  and  reliability.  Stand- 
ardized methods  for  data  acquisition  and 
analysis  and  quality  control  procedures  are 
reasonably  well  established  for  most  bio- 
logical, chemical,  and  physical  environ- 
mental data.  However,  the  association  of 
specific  organisms  with  these  parameters 


"Mention  of  trademarks  or  commercial  products  does 
not  constitute  endorsement  or  recommendation  tor 
use. 
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rests  on  the  reliability  of  species  identi- 
fications performed  by  investigators  of 
varying  backgrounds,  experience,  and  ex- 
pertise. At  present,  the  primary  quality 
assurance  mechanism  for  organism  identi- 
fications is  the  competence  and  dedica- 
tion of  individual  researchers.  While 
independent  verification  of  voucher 
specimens  by  taxonomic  experts  is  possi- 
ble, this  is  a  procedure  which,  even  on  a 
small  scale,  is  time  consuming  and  costly 
and,  on  a  large  scale,  would  significantly 
exceed  our  present  resource  of  taxonomic 
experts. 

Publications  providing  summary  infor- 
mation on  the  environmental  relationships 
and  tolerances  of  aquatic  organisms  also 
may  be  useful  in  identifying  potential  in- 
dicator organisms  and  in  establishing 
tolerance  levels  of  organisms  to  specific 
environmental  factors.  However,  unless 
the  reference  publication  survey  is  ex- 
tremely exhaustive  or  very  selective,  it  may 
be  difficult  to  establish  useful  trends 
among  the  vast  amounts  of  often  con- 
tradictory information  reviewed.  Further- 
more, the  fixed  format  of  printed  reports 
severely  limits  the  ways  in  which  their  data 
can  be  used  It  is  often  difficult  to  deter- 
mine which  environmental  requirements 
are  consistent  within  a  genus  or  higher 
taxonomic  level  and  which  environmental 
inconsistencies  at  the  specific  level  could 
be  due  to  errors  in  data  collection  or 
identification. 

A  computerized  storage,  retrieval  and 
evaluation  system  for  these  data  has  been 
developed  to  enhance  their  usefulness  by 
allowing  queries  based  on  taxonomic 
association,  environmental  parameters,  or 
a  combination  of  these  factors.  Since  the 
environmental  information  for  diverse  tax- 
onomic groups  can  be  standardized,  it  is 
possible  to  answer  questions  concerning 
biological  communities  and  their  environ- 
ments. A  major  application  of  this  system 
is  the  development  of  lists  of  taxa  asso- 
ciated with  specific  environmental  con- 
ditions which  can  serve  as  reference 
communities  for  environmental  scientists. 
This  system  also  can  be  used  as  a  device 
for  scrutinizing  environmental  data  by 
comparing  the  known  tolerances  of 
organisms  reported  in  monitoring  and  im- 
pact studies  with  the  physical  and 
chemical  characteristics  of  the  habitats 
from  which  they  were  collected.  Dis- 
crepancies encountered  in  these  compar- 
isons are  flagged  as  potential  errors  in  data 
collection  or  specimen  identification. 
Another  quality  control  device  possible 
with  these  data  is  comparing  the  known 
ecological  parameters  associated  with 
combinations  of  taxa  reported  to  be 
collected  together  at  individual  sites.  In- 
consistencies in  the  environmental  re- 
quirements of  these  taxa  also  can  be 
flagged  as  potential  errors  in  identification. 


Because  the  ERAPT  programs  are  in- 
dependent of  the  kinds  of  data  and 
organisms  which  they  can  process,  the 
system  has  many  applications  in  other 
areas  of  biological  and  environmental 
research.  Alternate  sets  of  biological 
categories  or  environmental  parameters 
can  be  developed  easily  for  terrestrial  or 
marine  environments  or  for  microbial 
organisms  or  higher  vertebrate  groups. 
The  system  also  has  direct  application  to 
behavioral,  physiological,  and  genetic 
organism  information.  Because  of  the 
structure  and  internal  organization  of  the 
data  used  by  the  system,  there  is  no  limit 
to  the  amount  of  information  which  can 
be  accumulated  or  queried  for  each  kind 
of  organism  contained  within  a  data  base. 
System  capacities  are  related  only  to  the 
number  of  kinds  of  organisms  and  data 
categories  which  can  be  accessed  and 
evaluated  as  a  group,  and  are  easily 
modified  within  programs.  There  is  also  no 
limit  to  the  number  of  groups  which  can 
be  developed.  Programs  permit  transfer  of 
search  statements  between  organism 
groups  if  they  have  compatible  data. 
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Dame.  IN  46556 
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Gallstones  Dissolved  by  the  Drug,  Methyl  tert-Buty! 
Ether  (MTBE) 


Stones  in  the  gallbladder  are  a 
common  and  painful  problem  for 
middle-aged  people.  More  than 
1  million  Americans  develop 
gallstones  each  year,  according 
to  the  National  Institute  of  Diabe- 
tes and  Digestive  and  Kidney 
Diseases  Surgical  removal,  one 
of  the  primary  treatments,  is  ex- 
pensive and  patients  may  re- 
quire up  to  8  weeks  to  fully  re- 
cover. If  left  untreated  gallstones 
may  cause  acute  cholecystitis, 
perforation  of  the  gallbladder,  or 
blockage  of  the  bile  duct,  re- 
sulting in  |aundice  or  infection. 

A  new  procedure  that  involves 
the  injection  of  a  compound 
called  methyl  tert-butyl  ether 
(MTBE)  directly  into  the 
gallbladder,  however,  may  dis- 
solve most  stones  in  less  than  3 
days.  Says  the  developer  of  the 
new  treatment,  Dr.  Johnson  L. 
Thistle,  professor  of  medicine  at 
the  Mayo  Foundation  in 
Rochester,  Minnesota,  "It  almost 
surely  can  replace  gallbladder 
surgery  for  many  patients,  espe- 
cially those  who  would  have  an 
increased  risk  of  complications 
from  general  anesthesia  and 
surgery." 

Dr.  Thistle  and  his  colleagues 
at  the  Mayo  General  Clinical  Re- 
search Center  (GCRC)  treated 
25  patients  with  MTBE,  which  re- 
mains liquid  at  body  tempera- 
ture. The  stones  dissolved  in  all 
but  one  patient  within  4  to  25 
hours  after  administration  be- 
gan Dr  Thistle  explains  that  in 
the  case  of  the  exception,  the 
stones  had  a  surface  layer  of 
calcium  and  bilirubin,  a  bile  pig- 
ment A  sufficient  amount  of  cal- 
cium or  bilirubin  in  the  shell  of 
the  stone  can  prevent  the  liquid 
ether  from  reducing  the  size  of 
the  stone 

"A  chief  advantage  of  the 
ether  treatment  over  the  use  of 
other  solvents,"  Dr.  Thistle  says, 
"is  that  cholesterol  stones  are 
dissolved  within  a  few  hours. 


Even  very  large  stones  are  rap- 
idly dissolved." 

Orally  administered  bile  salts 
such  as  chenodeoxycholic  acid 
and  ursodeoxycholic  acid  re- 
quire several  years  to  dissolve 
stones  totally.  While  the  stones 
are  being  slowly  dissolved  they 
can  still  cause  severe  pain  in  the 
patients.  Ursodeoxycholic  acid 
is  not  available  in  the  United 
States  Mono-octanoin,  a  solvent 
recently  approved  by  the  Food 
and  Drug  Administration  for  use 
in  gallstone  patients,  can  dis- 
solve stones  in  the  bile  ducts  in 
about  21  days.  The  solvent  re- 
quires much  longer,  however,  to 
dissolve  stones  in  the  gall- 
bladder, Dr.  Thistle  says.  An 
investigational  nonsolvent  treat- 
ment, called  extracorporeal 
shock  wave  lithotripsy,  can 
crush  some  gallstones  by 
means  of  an  electrical  discharge 
in  a  liquid  medium,  but  the  frag- 
ments must  then  be  dissolved, 
he  says. 

For  more  than  1 5  years  scien- 
tists have  been  trying  to  develop 
effective  agents  for  the  dissolu- 
tion of  gallstones.  Research  was 
focused  on  ethers  because  they 
effectively  dissolve  lipids  such 
as  cholesterol.  Most  stones  are 
composed  of  cholesterol,  which 
is  normally  found  in  bile  Diethyl 
ether,  which  can  serve  as  an  an- 
esthetic, is  not  practical  to  use 
because  it  vaporizes  at  body 
temperature 

MTBE  does  not  seem  to  be 
transported  across  the  lining  of 
the  gallbladder,  therefore  little  is 
absorbed  into  the  bloodstream 
An  additional  advantage  of  ether 
over  other  gallstone  treatments 
is  that  patients  have  not  experi- 
enced many  adverse  effects  In 
contrast,  mono-octanoin  can 
cause  nausea,  vomiting,  and  di- 
arrhea. Chenodeoxycholic  acid 
can  also  cause  diarrhea  and 
can  elevate  the  level  of  some 
liver  enzymes,  which  have  to  be 


monitored  during  therapy 
Shock-wave  lithotripsy  can 
cause  perforation  of  the  gall- 
bladder MTBE  has  caused  only 
mild  attacks  of  vomiting  in  4  of 
the  23  patients  treated 

The  ether  is  administered  di- 
rectly into  the  gallbladder 
through  a  1.7  mm  diameter 
catheter  inserted  through  the  lo- 
cally anesthetized  skin  Before 
administering  the  chemical, 
however,  the  gallbladder  is  asp- 
irated to  remove  bile  Because 
gallstones  are  heavier  than  bile 
and  MTBE  is  lighter  than  bile. 
the  bile  must  be  removed  to 
bring  the  ether  into  direct  con- 
tact with  the  stones 

After  the  gallbladder  is  aspira- 
ted, about  a  teaspoon  of  the 
ether  is  infused  four  to  six  times 
per  minute,  creating  uninter- 
rupted stirring  After  10  minutes 
the  ether  is  drained  and  more 
ether  is  added,  thereby  putting 
fresh  solvent  into  direct  contact 
with  the  stones  and  increasing 
the  speed  at  which  stones  are 
dissolved 

Dr  Thistle  and  his  colleagues 
determine  when  the  stones  are 
totally  dissolved  by  injecting  a 
contrast  medium  into  the 
gallbladder  and  taking  radio- 
graphs of  the  gallbladder  Any 
undissolved  stones  appear  as 
dark  spots  in  the  gallbladder  In 
some  patients  not  all  stone  ma- 
terial is  entirely  dissolved,  but 
most  of  the  debris  can  be 
suctioned  out  of  the  gallbladder 
through  the  catheter  used  for 
administration  of  the  ether 

Because  the  ether  treatment 
is  not  as  effective  m  dissolving 
stones  containing  calcium  or  bil- 
irubin as  it  is  with  cholesterol 
stones,  Dr  Thistle  and  his  col- 
leagues are  investigating  other 
solvents  that  might  be  used  m 
combination  with  it  Clinical 
studies  are  planned  for  next 
year 

"As  these  dissolution  methods 
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evolve,  if  they  continue  to  be  as 
safe  as  they  have  been,"  Dr. 
Thistle  says,  "we  should  be  able 
to  dissolve  gallstones  in  most 
patients."  R 

— Barbara  Proujan 

Additional  reading: 

1.  Allen,  M.  J.,  Borody,  T.  J., 
Bugliosi,  T.  F.,  May,  G.  R., 
LaRusso,  N.  F.,  and  Thistle, 
J.  L,  Cholelitholysis  using 
methyl  tertiary  butyl  ether. 
Gastroenterology  88:122-125, 
1985. 

2.  Allen,  M.  J.,  Borody,  T.  J., 
Bugliosi,  T.  F.,  May,  G.  R., 
LaRusso,  N.  F.,  and  Thistle, 
J.  L,  Rapid  dissolution  of  gall- 
stones by  methyl  tert-butyl  ether. 
New  England  Journal  of  Medi- 
cine 312:217-220,  1985. 
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Research  on  the  methyl  tert-butyl  ether  treatment  described  in  this 
article  is  partially  supported  by  the  General  Clinical  Research  Cen- 
ters Program  of  the  NIH  Division  of  Research  Resources  and  the 
National  Institute  of  Diabetes  and  Digestive  and  Kidney  Diseases. 


Radiographs  show  the  gallstone 
before  (top),  during,  and  after 
(bottom)  treatment  with  methyl 
tert-butyl  ether,  which  can 
usually  dissolve  noncalcified 
cholesterol  stones  within  1  or  2 
days. 


For  Additional  Information,  Contact: 

Research  Resources  Information  Center 
1601  Research  Blvd. 
Rockville,  MD  (301)  984-2870 
RefertoX.No.  6 
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Baboons  Available  for  Biomedical  Research 


♦ 


Baboons  characterized  by  spe- 
cific genetic  markers  are  avail- 
able from  the  Southwest  Foun- 
dation for  Biomedical  Research 
(SFBR)  in  San  Antonio,  Texas 

The  breeding  colony,  which  is 
funded  by  the  Animal  Resources 
Program  of  the  NIH  Division  of 
Research  Resources,  has  been 
operating  since  1979  Currently 
the  colony  includes  about  1 ,000 
baboons  comprising  four  sub- 
species: Papio  cynocephalus 
anubis,  Papio  cynocephalus 
cynocephalus,  Papio  cynoceph- 
alus hamadryas  and  Papio  cy- 
nocephalus papio  According  to 
Dr  William  J  Goodwin,  toe  pro- 
gram has  approximately  260 
productive  females,  which  pro- 
duced 230  offspring  in  1985 
Last  year  the  program  provided 
157  baboons  of  various  ages 
and  sexes  to  16  different  institu- 
tions and  to  23  different 
investigators 

Animals  are  maintained  in  two 
separate  corrals  One  is  dedi- 
cated to  the  baboon  breeding 
colony,  tne  other  includes  |uve- 
nile  baboons  and  several  adults 
to  serve  as  role  models  Genetic 
markers  enable  scientists  to 
identify  progeny  and  to  avoid  in- 
breeding, according  to  Dr 
Goodwin  Adult  breeders  are  re- 
moved from  the  colony  when 
they  reach  17  years  of  age, 
while  they  are  still  healthy  but  af- 
ter their  ability  to  reproduce  has 
decreased  The  animals  then 
participate  in  other  types  of 
research — either  at  the  resource 
or  at  some  other  institution.  Dr 
Goodwin  says 

The  use  of  colony-raised  ani- 
mals helps  ensure  the  validity  of 
research  findings  According  to 
Dr.  Goodwin,  the  animals  are 
not  likely  to  have  infectious  dis- 
eases that  sometimes  interfere 
with  experimental  results  or  en- 


danger other  animals  in  a  labo- 
ratory. Some  colony  baboons 
are  selectively  bred  for  certain 
genetic  diseases,  such  as 
atherosclerosis  or  diabetes,  to 
provide  primate  models. 

Using  ColonySim,  a  computer 
simulation  program,  Dr  Good- 
win and  his  team  are  improving 
the  reproductive  efficiency  of 
the  breeding  colony.  Specifi- 
cally, they  are  using  the  com- 
puter program  to  define  the 
most  advantageous  demo- 
graphic and  cost  estimation 
methods  ColonySim  permits  ex- 
perimentation with  management 


variables  such  as  colony 
growth,  age  sex  and  genet  c 
composition  Improved  manage- 
ment techniques  can  be  shared 
with  other  breeding  colonies 

The  Pedigree  Data  Base  Sys- 
tem and  other  computer  sys- 
tems maintain  records  of  the 
baboons  vital  statistics  which 
can  be  used  later  to  produce 
long-term  documentation  of 
physical  growth  Data  can  be 
used  to  develop  animal  models 
and  to  assist  m  colony  manage- 
ment Such  information  gath- 
ered during  physical  examina- 
tions of  all  colony  animals  three 


Baboons  at  (he  breeding  colony 
of  the  Southwest  Foundation  for 
Biomedical  Research  in  San 
Antonio,  Texas,  are  rounded  up 
three  times  yearly  for  physical 
examinations 
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times  yearly,  is  published  to  as- 
sist other  primate  investigators. 
This  information  helps  research- 
ers planning  to  use  baboons  as 
animal  models  by  guiding  them 
to  choose  the  most  appropriate 
animals  for  their  particular  re- 
search projects 

Requests  for  animals  are  re- 
viewed by  the  Colony  Review 
Committee  according  to  stand- 
ards established  in  the  National 
Primate  Plan.  Criteria  for  sale  in- 
clude appropriate  species  se- 
lection and  quantity  and  observ- 
ance of  the  condition  that 
primates  not  be  killed  unless 
sacrifice  is  an  essential  part  of 
the  research  protocol  If  sacri- 
fice is  deemed  necessary,  tis- 
sues are  to  be  shared  with  other 
researchers. 

— Susan  Dambrauskas 

Availability  of  primates  is  an- 
nounced in  New  Listings — Pri- 
mate Supply  Information  Clear- 
inghouse and  in  other 
publications.  Investigators  who 
want  more  information  or  want  to 
acquire  an  animal  should  submit 
a  "Request  for  SFBR  Baboons" 
form  to: 

Dr.  William  J.  Goodwin 
Southwest  Foundation  for 
Biomedical  Research 
P.O.  Box  28147 
San  Antonio,  Texas  78284 
or  call  (512)  674-1410. 
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Free,  Vascularized,  Freeze  Dried  Bone  Allografts 
for  the  Reconstruction  of  Large,  Avulsive  Body 
Defects 


Free,  vascularized,  freeze-dried  bone 
allografts  have  been  successfully  used  to 
reconstruct  6-cm  defects  in  the  dog 
radius.  Six  months  after  graft  placement, 
the  freeze-dried  vascularized  bone 
allografts  were  comparable  in  shearing 
strength,  histological  morphology,  and 
circulation  to  the  fresh  vascularized 
autogenous  bone  grafts. 

The  results  of  this  project  are  signifi- 
cant in  that  microvascular  anastomosis  of 
the  freeze-dried  vascularized  bone 
allograft  vessels  to  the  host  vasculature 
resulted  in  circulation  to  the  allograft 
parallel  to  that  of  the  fresh  vascularized 
autogenous  bone  graft  vessels  to  host 
vasculature. 

The  data  from  this  experiment  in- 


dicates that  vessels  in  the  freeze-dried 
bone  allografts  remained  patent  long 
enough  for  collateral  circulation  to 
develop,  which  in  tum  provides  nutrients 
and  supports  the  process  of  osteogenesis 
during  conduction  of  new  bone. 

Since  the  free,  vascularized,  freeze- 
dried  bone  allograft  can  result  in  osseous 
repair  of  larger  avulsive  bone  defects, 
complications  associated  with  donor  site 
morbidity  during  the  harvest  of  the  fresh 
autogenous  allografts  are  avoided.  It  is 
anticipated  that  further  refinements  in  the 
work  will  result  in  an  "off-the-shelf 
bone  graft  system  which  can  be  suc- 
cessfully used  in  grafting  large  avulsive 
bony  defects. 


For  Additional  Information,  Contact: 
Navy  Domestic  Technology  Fact 

Sheet  Reader  Reply  Service 
Code  E2 11 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)663-8921 
Refertoll0306/TN 
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Microsurgery  Laser  Developed 


Scientists  at  the  Naval  Research 
Laboratory  (NRL)  and  the  National  In- 
stitutes of  Health  (NIH)  have 
demonstrated  that  a  combination  of  an 
NRL-designed  erbium  laser  and  zir- 
conium fluoride  glass  fibers  holds  pro- 
mise for  new  kinds  of  microsurgery. 
Future  applications  include  neurosurgery, 
opthalrnology,  gastroenterology,  or- 
thopedics, cardiology,  and  vascular 
surgery. 

Lasers  have  a  growing  number  of  ap- 
plications in  medicine  such  as  treating 
glaucoma  and  other  eye  diseases  by  light- 
beam  microsurgery.  In  cardiology, 
researchers  are  attempting  to  use  laser 
pulses  transmitted  down  flexible  fibers  to 
clean  arteries  of  obstructions  and, 
thereby ,  avoid  coronary  bypass  and  other 
major  surgery.  Ideally,  such  a  laser  pulse 
should  provide  clean,  precise  removal  of 
tissue  at  the  location  desired  with  minimal 
injury  to  the  surrounding  tissues. 

Medical  lasers  are  known  to  generally 
remove  tissue  by  conversion  of  light 
energy  into  heat  energy  leading  to  the 
vaporization  of  the  targeted  tissue.  The 
special  laser  built  at  NRL  emits  short,  in- 


frared (invisible)  light  pulses  that  are  very 
well  absorbed  by  the  water  in  tissue  and 
bone. 

By  varying  the  total  energy  in  each 
pulse,  it  has  been  shown  that  a  surface 
layer  of  tissue  as  thin  as  one  ten- 
thousandth  of  an  inch  can  be  removed 
with  no  apparent  damage  to  cells  lying 
just  below  those  destroyed.  Thus,  in 
microsurgical  applications  a  single  cell 
layer  could  be  removed  with  each  pulse 
and  surgery  performed  with  greater  preci- 
sion than  is  otherwise  possible  by  con- 
ventional methods. 

NRL  has  also  developed  an  infrared 
fiber  that  provides  a  means  of  delivering 
these  particular  infrared  pulses  to  many 
sites  within  a  body.  This  novel  ac- 
complishment was  done  by  an  NRL 
research  team.  This  team  has  developed 
a  flexible  fiber  composed  of  zirconium 
fluoride  that  is  as  fine  as  a  human  hair 
and  yet  is  able  to  carry  enough  energy  to 
cut  bone  and  soft  tissue  deep  inside  a  pa- 
tient. It  is  envisioned  that  this  fiber  could 
be  threaded  into  an  atherosclerotic  artery 
to  remove  a  blockage  otherwise  treatable 
only  by  surgery. 


For  Additional  Information,  Contact: 
Navy  Domestic  Technology  Fact 

Sheet  Reader  Reply  Service 
CodeE211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)663-8921 
Refer  to  110503/TN 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

^aithersburg,  MP  20899        


• 


DNA  Radiation  Damage  Measured  by  GC/MS 
Methods 


A  novel  application  of  analytic  techniques  allows  NBS 
researchers  to  achieve  very  high  levels  of  sensitivity  in  their 
study  of  radiation-induced  damage  in  DNA.     Identification  and 
measurement  of  radiation-altered  biomolecules  is  part  of  an 
overall  program  directed  by  Michael  Simic  to  understand  the 
fundamental  physical  and  chemical  interactions  of  ionizing 
radiation  with  matter.     The  quantitative  measurement  of  these 
molecular  alterations  is  a  necessary  first  step  in  learning  how 
ionizing  radiation  causes  changes  in  DNA  that  might  have 
detrimental  consequences  in  living  cells.     Radiation  chemist 
Miral  Dizdaroglu,  a  member  of  this  group,  had  detected  altered 
nucleosides  in  DNA  molecules  irradiated  at  doses  as  low  as  1 
Gray  (100  rods)  in  concentrations  as  low  as  10  femtomoles  (0.01 
parts  per  trillion)!    Dizdaroglu's  method  involves  using 
enzymatic  hydrolysis  to  break  down  DNA  to  its  component 
nucleosides.    Combined  gas  chromatography/mass  spectrometry 
with  selected  ion  monitoring  (SIM)  is  then  used  to  identify 
those  species  altered  by  exposure  to  radiation.     The  use  of  the 
mass  spectrometer's  SIM  mode  requires  that  the  mass  spectrum  of 
the  DNA  nucleoside  under  investigation  and  its  gas  chromato- 
graphic retention  time  be  known  in  advance,  but  allows  at  least 
a  100-fold  increase  in  sensitivity.     This  permits  study  of 
nucleosides  at  very  low  concentrations  in  mixtures  too  complex 
for  analysis  by  gas  chromatography  alone. 


FOR  ADDITIONAL  INFORMATION:     Contact:     Dr.  Miral  Dizdaroglu, 
Room  Q16,  Radiation  Physics  Bldg.,  National  Bureau  of  Standards, 
Gaithersburg,  MD     20899;  (301)  921-2375. 
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Two-Element  Transducer  for  Ultrasound 

The  separation  of  transmitting  and  receiving  units 
improves  the  probing  of  deep  tissue. 


Responses 

of 
Transducers 


Spectrum  of 
Transmitted 
Pulse 


Center 

Frequency 

Signals  From  Deep 

Tissue 


Center  Frequency  of 
Signals  From 
Tissue  Close  to 
Transducer 


Frequency  ■ 


Figure  1 .  The  Frequency  Responses  of  the  Receiver  and  Transmitter  Would  Be  Different 

in  a  new  dual-element  ultrasonic  transducer  The  receiver  would  peak  at  lower  frequen- 
cies more  characteristic  of  the  spectrum  of  the  ultrasound  pulse  after  passage  through 
tissue. 


A  proposed  ultrasonic  transducer 
would  have  dual  elements  to  increase  the 
depth  at  which  sonic  images  can  be 
made  of  biological  tissue.  Present  trans- 
ducers use  the  same  elements  for  trans- 
mitting and  receiving  ultrasonic  signals. 
The  proposed  transducer  would  use  sep- 
arate transmitting  and  receiving  ele- 
ments, and  the  frequency  response  of  the 
receiving  element  would  be  independent- 
ly designed  to  accommodate  the  attenua- 
tion of  higher  frequencies  by  the  tissue. 

The  new  transducer  is  intended  for 
pulse-echo  ultrasonic  systems,  in  which 
reflected  sound  pulses  reveal  features  in 
tissue. 

Soft  tissue  attenuates  sound  at  a  rate 
of  about  1  decibel  per  megahertz  per 
centimeter  of  round-trip  path  length. 
Thus,  the  higher  frequencies  in  a  pulse 
are  attenuated  more  as  the  pulse  pene- 


trates tissue,  and  the  center  frequency  in 
a  received  pulse  may  be  significantly 
lower  than  in  the  transmitted  pulse.  The 
new  center  frequency  may  not  corre- 
spond to  the  most  sensitive  receiving 
region  of  the  transmitter/receiver.  The  re- 
ceived signal  will  thus  seem  weak,  and 
details  of  the  reflecting  features  will  be 
lost. 

In  the  proposed  dual  transducer,  the 
receiver  characteristics  would  not  have 
to  be  as  much  of  a  compromise  with  the 
required  transmitter  characteristics.  The 
receiver  would  be  designed  to  be  most 
sensitive  to  the  expected  range  of  echo- 
pulse  center  frequencies  (see  Figure  1). 
The  transducers  could  be  concentric;  for 
example,  a  circular  concave  piezoelec- 
tric element  encircled  by  an  annular  con- 
cave piezoelectric  element  (see  Figure  2). 

This  work  was  done  by  Dennis  H.  Le 


Piezoelectric 
Elements' 


Figure  2.  Two  Piezoelectric  Elements, 
shown  here  in  a  cutaway  view,  would  be 
the  transducers  in  an  ultrasound  transmit- 
ter/receiver. 


Croissette  and  Richard  C.  Heyser  of  Cat- 
tech  for  NASA's  Jet  Propulsion  Labo- 
ratory. NPO-16591  /TN 


FOR   ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWi  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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Technology  News 

From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 

I 

No.  247 

Safe  Guarding  of  Blast-Affected  Areas 


• 


Objective 

Reduce  injury  to  people  or 
damage  to  equipment  when  a 
scheduled  production  blast  is 
detonated. 


Approach 

The  essential  elements  of  an 
effective  blast  area  security  sys- 
tem were  identified  through 
case  studies  of  five  mining  op- 
erations where  the  blast  area 
guarding  practices  were  consid- 
ered to  be  superior  to  those 
generally  found  in  the  industry. 
These  elements  were  used  in 
making  recommendations  for 
improved  blast  area  safeguard- 
ing practices. 


into  a  blasting  zone  unless 
proper  procedures  exist  to  en- 
sure that  all  personnel  are 
cleared  from  the  blast  zone  and 
kept  safely  away  until  after 
blasting  is  completed.  Statistics 
show  that  the  blaster  is  the 
miner  most  frequently  injured  in 
these  accidents. 

Because  of  the  large  number 
of  blast-site  security  accidents, 
the  Bureau  of  Mines  funded  a 
research  contract  to  determine 
the  state  of  the  art  in  blast  area 
guarding  technology  used  or 
available  for  use  in  mining  op- 
erations, and  to  recommend 
safe  practices  and  areas  of 
future  research. 


Investigation  Results 

The  blast  security  practices 
used  by  the  five  mines  selected 
for  the  case  studies  represent 
the  best  systems  currently  in 
use  in  the  mining  industry.  In 
addition  to  the  case  studies,  an 
extensive  survey  of  military  and 
industrial  surveillance  and  de- 
tection technology  was  made 
during  the  investigation.  How- 
ever, the  investigation  revealed 
that  blast  area  security  suffers 
more  from  poor  practices  than  a 
lack  of  advanced  security- 
system  technology.  Case  stud- 
ies of  mines  with  superior  blast 
security  practices  showed  that 


Background 

The  blast  area  security  system 
is  a  means  by  which  the  mine 
operator  prevents  injury  to  peo- 
ple or  damage  to  equipment 
when  blasting  is  performed. 
Analysis  of  blasting  accidents 
showed  that  most  blasting  acci- 
dents occur  during  scheduled 
blasting  and  are  due  to  inade- 
quate blast-site  security.  Factors 
contributing  to  the  system's 
breakdown  are  failure  to  clear 
the  blast  zone,  inadequate 
guarding,  and  failure  of  person- 
nel to  follow  instructions,  retreat 
to  a  safe  location,  and/or  take 
adequate  cover.  Mine  person- 
nel, visitors  and  even  trespas- 
sers can  inadvertently  wander 


Most  blasting  accidents  occur  when  a  scheduled  blast  is  detonated. 
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Blasting  personnel  must  retreat  to  a  safe  location  and/or  take  adequate 
cover. 


the  most  effective  procedures 
needed  to  establish  a  blast-site 
security  system  are  to:  have 
blasting  personnel  physically 
clear  the  blast  zone;  account  for 
personnel  to  ensure  that  none 
are  in  the  blast  zone;  and  place 
guards  beyond  the  blast  zone  to 
keep  people  out  of  the  blast 
area.  In  addition,  several  ele- 
ments were  found  to  contribute 
to  the  establishment  of  an  effec- 
tive blast-area  security  system. 
These  are: 


Management 
to  safety 
Training 


commitment 


•  Definition   of   blasting   au- 
thority 

•  Planning 

•  Blast  zone  boundaries 

•  Selection  and  placement  of 
guards 

•  Clearing  procedure 

•  Blast  initiation  site  location 

•  Blasting  time 

•  Blasting  signals 

•  Personnel  accounting 

•  Communication    of    blast 
location  and  time 

•  Blasting  crew  communica- 
tions 

These    elements    are    only 
guidelines  since  actual  security 


requirements  vary  from  mine- 
site  to  mine-site. 

Although  no  electronic  sys- 
tems were  found  for  immediate 
use  in  the  underground  or  sur- 
face mining  environment,  thel 
study  revealed  some  technology^ 
that,  with  further  research,  may 
be  adapted  to  fit  the  special 
needs  of  the  mining  industry. 


For  More  Information 

A  Bureau  of  Mines  contract 
report  titled  "Survey  of  Safety 
Procedures  for  Guarding  Blast 
Affected  Areas"  by  Mining  and 
Marketing  Associates,  Inc.,  is 
available  from  the  National 
Technical  Information  Service 
(NTIS).  To  obtain  a  copy,  spe- 
cify report  #  PB  82-246-042  and 
send  $10.00  to  NTIS,  5285  Port 
Royal  Road,  Springfield,  VA 
22151.  An  article  titled  "Safe- 
guarding of  Blast-Affected 
Areas"  was  published  in  the 
Journal  of  Explosives  Engineer- 
ing, V.  2,  no.  1,  May/June  1984, 
pp.  100-119. 

To  learn  more  about  the  study 
or  obtain  answers  to  technical 
questions,  please  contact:        I 

Dennis  D'Andrea 
U.S.  Bureau  of  Mines 
Twin  Cities  Research  Center 
5629  Minnehala  Avenue  South 
Minneapolis,  MN  55417 
or  telephone:  (612)  725-3454 
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Improvements  in  Low  Voltage  Trailing  Cable 
Insulation 


Objective 


Reduce  the  electrical  hazards 
implicit  in  damaged  trailing 
cable  insulation. 


Approach 

Design  fabricate,  and  evaluate  a 
prototype  conductive-rubber 
shielded  low-voltage  trailing 
cable  suitable  for  use  in  under- 
ground mining  applications. 


Background 

^n  underground  mines,  low- 
voltage  trailing  cables,  such  as 
those  used  to  power  shuttle 
cars,  can  pose  serious  electrical 
hazards.  Under  the  stress  of 
daily  use,  conductor  insulation 
in  the  cable  can  rupture,  tear,  or 
become  otherwise  defective,  ex- 
posing mine  workers  to  lethal 
fault  currents.  While  sensitive 
ground  fault  relaying  can  aid  in 
detecting  such  damage  and  per- 
mit timely  shut-down  of  affected 
circuits,  electrical  shielding  cap- 
able of  withstanding  the  re- 
peated flexing,  abrading,  and 
twisting  of  the  trailing  cable  can 
help  protect  mine  workers  from 
deadly  electrical  hazards.  The 
Bureau  of  Mines,  under  a  re- 
search contract,  investigated 
the  practicality  of  using  conduc- 
tive-rubber shielding  on  low  vol- 
tage cables.  In  the  course  of  this 
investigation,  a  prototype  cable 


was  designed,  fabricated,  and 
tested. 


The  Improved  Cable 

Research  indicated  that  highly- 
flexible,  conductive  rubber  was 
best  suited  for  use  as  shield 
material  in  low-voltage  trailing 
cables.  However,  because  of 
the  resistivity  of  the  rubber 
shield  material,  highly-sensitive 
protective  relaying  systems  are 
needed  to  sense  the  extremely 
low  ground-fault  currents.  In 
addition,  the  conductive-rubber 
shield  materials  require  very 
high  resistance  ground  systems 
to  prevent  incendive  sparking 
and  possible  combustion  of  the 
conductive-rubber  in  certain 
situations.  Several  additional 
criteria  have  to  be  met  before 


Conductive 
rubber  shield 


conductive-rubber  shielded 
cable  is  acceptable  for  under- 
ground mine  use.  A  relatively 
low-volume  resistivity  is  re- 
quired for  the  conductive- 
rubber,  and  the  cable  must  be 
flexible,  strippable  for  splicing 
purposes,  and  of  a  full  SHD 
configuration.  The  Bureau  met 
these  requirements  by  design- 
ing and  developing  a  flat,  three- 
conductor,  number  6  AWG  G- 
GC  shuttle-car  trailing  cable  in  a 
SHD  configuration  using  con- 
ductive-rubber shield  material 
with  an  average  volume  resistiv- 
ity of  38  ohm-cm. 


Testing  the  Cable 

Under  laboratory  stress  and 
splicing  tests  to  determine  the 
ruggedness  of  the  cable,   the 
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Bare  grounding 
conductor 

Cross-section  of  prototype  shielded  low-voltage  trailing  cable. 
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Sensitive 


and  empirical  laboratory  evalua- 
tions of  possible  ground  faults 
through  the  shield  seem  to 
agree  and  offer  assurance  of 
improved  -protection  for  mine 
workers.  * 

Splicing  tests  demonstrated! 
that  with  strippable  shield  mate- 
rial, splicing  of  rubber-shielded 
cable  can  be  performed  with 
only  slight  modifications  to  splic- 
ing procedures.  An  SHC  splicing 
approach  appears  to  be  the 
most  practical  and  effective. 

VICTIM 


Patent  Status 

The  U.S.  Department  of  the 
Interior  does  not  plan  to  patent 
this  development. 


The  shielded  cable  combined  with  the  sensitive  ground  fault  indicator. 


prototype  conductive-rubber 
shielded  cable  performed  as 
well  as  unshielded  designs. 
Although  slightly  larger  in  dia- 
meter than  conventional  cables, 
it  can  replace  standard  un- 
shielded cable  without  requiring 
major  changes  to  the  shuttle-car 
spooling  device  and  reel  capaci- 
ties. 

The  cable  was  evaluated  in 
several  ways  to  determine  its 
mine-worthiness  and  rugged- 
ness.  The  cable  tensile  strength 
was  evaluated  on  a  single  con- 
ductor basis  by  joining  a  sam- 
ple's conductor  ends  in  a  mod- 
ified crowsfoot  connection.  Ten- 
sile strength  averaged  765  lbs 
for  six  samples  tested.  Tests 
were  also  performed  on  cable 
samples  that  had  been  flexed- 
cycled  1 800  times  on  a  shuttle- 


car  simulator.  Tensile  values 
averaged  750  lbs  for  five  sam- 
ples tested.  Under  endurance 
flexing  tests  equating  to  at  least 
two  years  of  service,  the  cable 
performed  very  well,  showing  no 
indication  of  broken  conductor 
strands.  The  cable  also  per- 
formed well  under  abrasion  and 
flammability  resistance  tests, 
withstanding  wear  as  well  as 
standard  cables  and  meeting 
the  flame-resistance  require- 
ment of  extinguishment  in  less 
than  four  minutes  with  less  than 
six  inches  of  burned  area  evi- 
dent along  the  sample.  Volume 
resistivity  of  the  conductive- 
rubber  shield  was  lower  than 
anticipated  averaging  32  ohm- 
cm  in  the  direction  of  the  cable 
axis  and  about  45  ohm-cm  in  a 
circumferential  path.  Theoretical 


For  More  Information 

Additional  information  can  be 
obtained  from  a  Bureau  of 
Mines  final  contract  report  enti- 
tled "Trailing-Cable  Construc- 
tion Improvements:  Develop* 
ment  of  a  Conductive-Rubbef 
Shielded  Trailing  Cable."  A  copy 
of  this  report  can  be  obtained 
from  the  National  Technical  In- 
formation Service  (NTIS),  5285 
Port  Royal  Road,  Springfield, 
VA  22151.  Specify  report  num- 
ber PB  85-239  978/AS  NTIS 
will  charge  a  nominal  fee  for  this 
service.  Technical  questions 
about  the  shielded  cable  or 
sensitive-ground  fault  protection 
systems  can  be  addressed  to 
the  Bureau's  principal  investi- 
gator for  this  research,  Mr.  Mike 
Yenchek,  at  the  Pittsburgh  Re- 
search Center,  Cochrans  Mill 
Road,  P.O.  Box  18070,  Pitts- 
burgh, PA  15236;  telephone 
412/675-6099. 
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Program  Solves  Transient  One-Dimensional 
Two-Phase  or  Single-Phase  Non-Isothermal 
Fluid  Flow  in  a  Wellbore 


Computer 
Software 


DOE/TlC/EG-8«/032 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


This  technical  note  was  based  on  a  software  package  developed  by  Lawrence 
Berkeley  Laboratory  for  the  U.S.  Department  of  Energy  and  available  at  the 
National  Energy  Software  Center. 


Lawrence  Berkeley 
Laboratory 


The  program,  entitled  "WELBORE," 
does  not  assume  steady  state;  hence  one 
can  essentially  eliminate  the  behavior  of 
the  fluid  in  the  well  as  an  unknown  so 
that  actual  reservoir  flow  can  be  deter- 
mined. One  can  also  solve  the  flow  into 
the  well  during  a  complete  shut-in  to  de- 
termine the  effects  of  phase  redistri- 
bution. 

The  primary  thermodynamic  variables 
used  in  solving  the  equations  are  the  pres- 
sure and  specific  energy.  An  equation  of 
state  subroutine  provides  the  density,  qual- 


ity, and  temperature.  The  heat  loss  out  of 
the  wellbore  is  calculated  by  solving  a  radial 
diffusion  equation  for  the  temperature 
changes  outside  the  wellbore.  The  calcu- 
lation is  done  at  each  node  point  in  the 
wellbore. 

The  program  is  designed  to  run  on  the 
CDC7600  and  CYBER1  75.  and  uses  FOR- 
TRAN IV.  It  is  executed  in  SCOPE  2.1.5 
and  needs  55.000  (octal)  words  of  SCM 
storage.  (References  1  and  3  are  included 
with  the  software  package.) 


REFERENCES 


DOE  report(s): 

(1)  WELBORE  Users  Manual. 
Report  number:  LBL- 10910/ NAB 
Order  number:  DE8 1 028549 /NAB 
Price:  $9.95 

(2)  Welbore  Storage  Effects  in  Geothermal  Wells,  paper 
SPE  8203.  presented  at  the  54th  Annual  Fall 
Technical  Conference  and  Exhibition  of  the  Society  of 
Petroleum  Engineers  of  the  American  Institute  of 
Mining.  Metallurgical  and  Petroleum  Engineers.  Las 
Vegas.  Nevada.  September  23-26.  1979. 

Report  number:  LBL-8844/NAB 
Price:  $9.95 


Other  reference(s): 

(3)  WELBORE  Sample  Problem  Output. 
Report  number:  NESC  Note  82-49 
Order  number:  NESC  No  895. 7600B 

(4)  Pressure  Gradients  Due  to  Friction  During  the  Flow  of 
Evaporating  Two-Phase  Mixtures  in  Smooth  Tubes 
and  Channels.  Int.  J  Heat  Mass  Transfer.  16  (No.  2): 
347-358(1973). 

(5)  Predicting  Two-Phase  Pressure  Drops  m  Vertical  Pipe. 
J  Pet.  Technol..  19: 829-838  (Junes  1967). 

References  1-2  are  available  separately  from  NT1S  See 
order  information  below 


ORDER 
INFORMATION 


This  software  package  (DE83048895/NAB)  can  be 
purchased  for  $  1060  (North  American  Price).  To  obtain 
ordering  information  for  software  or  references,  contact 
National  Technical  Information  Service.  Computer 
Products  Center.  (703)487-4763. 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  (NESC 
No.  895)  directly  or  by  subscription  from: 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9  700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No.:  (3 12)  972-7250  (Comm.) 
972-7250  (FTS) 
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Physical  Sciences 


• 


1259  Measuring  Dislocation  Density  With  Positron  Annihlation — Many  related 
research  projects  are  described 

1260  Fluorscence  Spectrum  of  NCO  in  a  CH4/N20/N2  Flame 

1261  Thermal  Imaging  Model — This  computer  model  takes  into  account  diverse 
conditions  enabling  gray  levels  to  be  related  to  surface  temperatures 

1262  Dimerization  Constants  of  Cobalt/TSPC  Complex— Accurate  data  have 
been  obtained  for  this  catalyst  potentially  useful  in  toxic  waste  treatment 

1263  Table  of  Radioactive  Isotopes 

1264  Airborne  Beryllium  and  Arsenic  Standard  References  Are  Avalable 

1 265  Rapid  Electron  Beam  Accelerator  Invented 

1 266  Feedback  Controlled  Regulation  of  GasPressure — Internal  pressure  is 
maintained  over  awide  range  of  external  pressures  and  exhaust  rates 

1267  High  Flux  Atomic  Oxygen  Source — Beams  of  pure  ground-state  oxygen 
atoms  would  be  produced 

1 268  Etching  Silicon  Films  with  Xenon  Difluoride — Mircoscopic  circuit  structures 
are  prepared  for  probing 

1269  Electron  Diffraction  Analysis  of  Growth  of  GaAs — This  technique  elucidates 
the  mechanisms  of  GaAs  crystal  growth 

Software 

1 270  Program  Minimizes  a  Nonlinear  Function  Subject  to  Nonlinear  Equality  and 
Inequality  Constraints 

Testing  &  Instrumentation 

1271  Microwave  Technique  Brings  Safer,  Quicker  Chemical  Analysis 

1272  Partial  Transmission  Scintillation  Detector  for  Ions — Only  the  outer  portion 
of  the  ion  beam  is  sampled  to  prevent  unnecessary  energy  losses 

1273  Vacuum  Ultraviolet  Intensity  Calibration  Standard — A  portable  light  source 
enables  the  calibration  of  spectrometers 

1 274  Echelle/Grism  Spectrograph — More  even  spectral  dispersion  over  the 
detector  area  makes  all  wavelengths  more  distinguishable 

Other  Items  of  Interest 

1 1 49  Stereospecif  ic  Synthesis  of  Carpet  Beetle  Pheromone 

1 184  Predicting  Gas-Turbine  Combustion  Processes  — Advanced  analytical 
tools  for  engine  design  are  under  development 

1210  Turbine  Engine  Exhaust  Hydrocarbon  Analysis 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:  71M003 


Measuring  Dislocation  Density  With  Positron  Annihilation 

Many  related  research  projects  are  described. 


• 


A  collection  of  13  reports  describes  the  applica- 
tion of  positron  annihilation  techniques  to  the  study 
of  dislocation  densities  in  iron  crystals  and  other 
material.  The  collection,  which  was  compiled  for 
the  U.S.  Army  Research  Office,  includes  the  follow- 
ing: 

•A  report  on  a  study  in  which  several  crystals  of 
high-purity  iron  were  deformed  to  produce 
dislocation  arrays,  and  the  density  of  dislocations 
was  estimated  from  changes  in  the  lifetime  spec- 
tra of  the  positrons  (see  figure); 

•  Results  of  research  on  the  trapping  of  positrons  in 
dislocated  single  crystals  of  iron  charged  with 
hydrogen; 

•  A  discussion  of  a  new  method  for  determining  the 
number  of  dislocations  per  unit  area  by  a  com- 
bination of  two  types  of  positron  annihilation 
measurement:  positron  lifetime  spectra  and  line- 
shape  analysis  of  the  Doppler-broadened 
gamma-ray  radiation; 

•A  discussion  of  "calibrating"  calculation 
methods  by  comparing  results  for  100-atom 
clusters; 

•An  examination  of  the  correlation  between  the 
rates  of  increase  of  the  number  of  etch  pits  and 
the  number  of  traps  when  iron  single  crystals  are 
plastically  deformed; 

•A  report  on  the  reduction  in  trapping  of  positrons 
in  dislocated  single  crystals  of  iron  charged  with 
hydrogen; 

•An  abstract  of  a  study  of  dislocations  and  hydro- 
gen embrittlement; 

•An  abstract  on  using  second-order,  many-body 
perturbation  theory;  and 


Deformation  Percent 

Dislocation  Density  in  deformed  crystals  of  high-purity  iron 
is  plotted  as  a  function  of  deformation  Results  for  transmis- 
sion electron  microscopy  (TEM)  are  compared  with  those 
from  positron  annihilation.  Also  shown  are  the  literature  TEM 
values  of  A.  S.  Keh. 


•An  abstract  on  the  effect  of  fermion  mass  on 
bound  states  in  hydridelike  exotic  species. 


FOR  ADDITIONAL  INFORMATION 

Vtou  can  learn  more  details  about  this  technology  by  ordering  the  N  TIS  repon(s) 

Effect  ot  Interstltials  on  the  Trapping  of  Hydrogen  in  High  Punty  Iron  as 

Studied  by  Positron  Annihilation  and  Electron  Microscopy 

Order  number  AD-A158437/HAA 

Price  code  A06 
Order  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  1U61102AH43 


Filing  Code  :  46C076 


Fluorescence  Spectrum  of  NCO  in  a  CH4/N20/N2  Flame 

The  excited  state  spin  relaxation  in  the  flame  is 
much  faster  than  electronic  quenching. 


Laser-excited  fluorescence  (LEF)  spectra  of 
NCO  in  an  atmospheric-pressure  CH4/N20/N2 
flame  were  investigated  using  the  4,658  A  line  of 
an  argon-ion  continuous-wave  laser.  In  the  experi- 
mental study,  which  was  sponsored  by  the  U.S. 
Army  Ballistic  Research  Laboratory,  the  NCO  was 
pumped  from  the  X  doublet  pi  (1 ,0,0)  level  to  the  A 
doublet  sigma  plus  (0,0,0)  level. 

The  4,658  A  line  selected  for  the  experiments 
had  a  power  of  about  0.5  W.  A  knife-edge  burner 
supporting  the  CH4/N20/N2  flame  was  placed  in- 
side the  extended  cavity  of  the  laser.  The  intracavi- 
ty  circulating  power  was  approximately  20  times  as 
intense  as  the  extracavity  power  (i.e.,  10  W).  The 
scattered  light  perpendicular  to  the  beam  was  im- 
aged onto  the  1 00  /^m  slit  of  a  1  -m  monochromator. 
An  optical  multichannel  analyzer  with  a  silicon- 
intensified  vidicon  tube  was  used  to  detect  the  LEF 
signal. 

As  a  result  of  the  argon  laser  pumping  of  NCO  to 
the  (0,0°,0)  level  of  the  A2! + electronic  state,  emis- 
sions from  A2!*  (0,0°,0)  to  all  of  the  fundamental 
vibrational  levels  of  the  X^n  ground  electronic  state 
were  observed.  Emissions  corresponding  to  the 
(0,01 ,0)  band  are  shown  in  the  figure.  The  band  is 
made  up  of  two  sections  of  the  LEF  spectrum 
taken  at  different  times.  The  arrows  indicate  the 
locations  at  which  these  components  are  joined 
together  to  form  the  entire  band.  An  analysis  of  the 
fluorescence  spectra  produced  constants  for  the  X 
doublet  pi  (1 ,0,0)  level  and  spin  splitting  for  the  X 
doublet  pi  (0,0,1)  level  in  the  gas  phase. 


1R!l29  R,30  0,31    P,32    R, 300,31    P,32  °P„33 
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In  the  A2!"1"  (0,0°,0)  -*  tfn  2(0,01,0)  Fluorescence  Spec- 
trum, the  unlabeled  peaks  between  4349  and  4367A  are 
heads  of  the  A2n  (0, 1 1 ,0)  -  X?A  (0, 12,0)  transition. 

Project  officer  Anthony  J.  Kottar 
(301)  278-21 70  or  AV  283-21 70. 

FOR  ADDITIONAL  INFORMATION 

'fou  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 

Investigation  ol  Several  Low-Lying  Levels  ot  X  Doublet  PI  state  ot  NCO 

Using  Argon  Laser  Excited  Fluorescence 

Order  number  ADA153693/NAA 

Price  code:  A03 
Order  Irom: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ol  the  United  States  Government  assumes  any  liability  resulting  from  the  use  ot  the  Information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  none 


Filing  Code  :  46C075 


Thermal-Imaging  Model 

This  computer  model  takes  into  account  diverse  conditions, 
enabling  gray  levels  to  be  related  to  surface  temperatures. 


A  thermal-imaging  model  processes  measured 
or  simulated  infrared  scenes  in  such  a  way  that 
sensor  effects,  natural  atmospheric  effects,  and 
artificial  aerosol  effects  are  taken  into  account.  The 
model  allows  imaged  gray  levels  to  be  related  to 
actual  surface  temperatures  of  objects  in  the 
scene. 

The  model,  which  was  developed  for  the  U.S. 
Army  Tank-Automotive  Command,  is  a  menu- 
driven  program  implemented  on  a  computer 
system  interfaced  with  an  image-processing 
system.  Attached  to  the  program  are  data  libraries, 
which  provide  the  appropriate  data  for  various 
types  of  sensors,  atmospheric  effects,  and  such 
obscuring  substances  as  smoke  and  aerosols 
Many  of  the  submodels  that  make  up  the  thermal- 
imaging  model  have  been  validated,  and  validation 
of  the  integrated  model  is  expected  to  be  com- 
pleted shortly. 

The  thermal-imaging  model  consists  of  three 
major  sections: 
1.A  natural-atmospheric-effects  model,  which 


calculates  atmospheric  transmittance  and  ra- 
diance over  the  wavelength  range  from  0.25  \jxt\ 
to  28.5  ^m; 

2.  An  artificial-effects  model,  which  allows  for 
many  varieties  of  smoke  sources  positioned  in 
any  configuration;  and 

3.  A  sensor  model  based  on  transfer  functions  for 
the  optical  system  and  sensors. 

The  report  on  the  program  contains  examples  of 
images  created  by  the  model.  The  examples  repre- 
sent a  range  of  sensors,  object  distances,  weather 
conditions,  and  aerosols. 
Project  officer  James  M.  Graziano 
(313)  574-5814  or  AV  786-5814 

FOR  ADDITIONAL  INFORMATION: 

)vu  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 

Use  of  the  TACOM  Thermal  Imaging  Model 

Order  number  ADA  154060/NAA 

Price  code:  A02 
Order  from 

National  technical  Information  Service 

5285  Port  Royal  Road 

Springlield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  US  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ot  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  trom  privately  owned  rights. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND   . 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


( 


Project  Number:  1L161101 


Filing  Code:  68D040 


Dimerization  Constants  of  Cobalt/TSPC  Complex 

Accurate  data  have  been  obtained  for  this  catalyst, 
potentially  useful  in  toxic  waste  treatment. 


A  study  has  used  a  nonlinear  least-squares  pro- 
gram  to  compute  molar  absorbances  of 
tetrasulfonated  phthalocyanine  (TSPC).  The  pro- 
gram determines  the  best-fit  values  for  monomers 
and  dimers  simultaneously. 

Metal  complexes  of  TSPC  (see  figure)  are  of  in- 
terest as  oxidation  and  hydrolysis  catalysts  for 
thioethers  and  organophosphonates.  Since  metal/ 
TSPC  complexes  aggregate  in  aqueous  solution,  it 
was  necessary  to  determine  the  dimerization  con- 
stant at  a  variety  of  temperatures  to  establish  the 
efficacy  of  the  monomeric  cobalt(l  lyTSPC  complex 
(CoTSPC)  as  a  catalyst.  The  program  computes  the 
constants  from  absorbance  measurements  at  dif- 
ferent temperatures  from  25  to  75  °C  and  over  a 
range  of  concentrations  in  which  only  monomer 
and  dimer  are  present.  The  absorbances  were 
measured  in  alcohol/water  solutions,  since  the 
CoTSPC  will  be  used  in  mixed  solvents  (required  to 
dissolve  thioethers). 

The  study,  which  was  done  for  the  U.S.  Army  Ar- 
mament, Munitions,  and  Chemical  Command,  re- 
ported that  earlier  investigators  provided  smaller 
dimerization  constants.  These  smaller  values  prob- 
ably resulted  from  the  assumptions  used  in  their 
calculations  and  from  the  unappreciated  presence 
of  higher  aggregates.  The  present  study  also 
showed  that  CoTSPC  behaves  as  a  typical  non- 
aqueous solute  and  that  hydrophobic  bonding  is 
not  involved  in  the  formation  of  the  dimer. 
Project  officer  J.  Richard  Ward 
(301)  278-2170  or  AV  283-2170. 


R  =  S03Na  (TSPC) 


Metal  Complexes  of  Tetrasulfonated  Phthalocyanine 

(TSPC),  like  other  water-soluble  dyestuffs,  aggregate  in 
aqueous  solution.  The  absorptance,  as  measured  by  a 
spectrophotometer,  is  an  indicator  of  the  extent  of 
aggregation  and  therefore  of  the  dimerization  constant. 


FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s) 

Dimerization  of  Cobalt(ll)  Tetrasulfonated  Phthalocyanine  In  Water  and 

Aqueous-Alcohol  Solutions 

Order  number:  ADA  157572/NAA 

Price  code  A04 
Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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Table  of  Radioactive  Isotopes 

This  technical  note  was  based  on  research  conducted  by  Lawrence  Berkeley 
Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86  070 

OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


Lawrence  Berkeley 
Laboratory 


Technology  Description.  A  complete  list- 
ing of  the  nuclear  and  atomic  properties 
of  all  known  radioactive  isotopes  has  been 
compiled  Detailed  radiation  data  are  pre- 
sented in  a  convenient  format  tailored  to 
the  reguirements  of  medical  researchers, 
biologists,  designers,  and  monitors  of  nu- 
clear reactors  and  many  others  The  infor- 
mation should  also  be  a  useful  reference 
for  scientists  in  basic  research 

The  information  is  accessible  in  two 
ways:  (1 )  in  a  book  and  (2)  by  direct  dial- 
up  to  a  computer  data  base  The  book  is 
organized  by  mass  number,  with  a  mass- 
chain  decay  diagram  showing  the  isotopes 
along  with  the  decay  relationships  and 
properties  The  properties  given  for  each 
isotope  include  atomic  number,  mass 
number,  element  symbol,  half-life,  decay 
modes  and  branchings,  mass  excess,  spe- 
cific activity,  means  of  production,  natural 
isotopic  abundance,  nuclear  and  atomic 
radiations,  and  more.  Appendices  include 
fundamental  constants  and  conversion  fac- 


tors, standard  gamma-ray  and  alpha-par- 
ticle energies  and  intensities,  theoretical 
internal  conversion  coefficients,  electron- 
capture  subshell  ratios,  electron  binding 
energies,  atomic  fluorescence  and  Coster- 
Kromg  yields,  and  many  more 

The  above  information  plus  nuclear 
structure  data  and  interactive  computer 
programs  to  calculate  internal  conversion 
coefficients,  atomic  electron  sDectra.  X- 
ray  and  Auger-electron  intensities,  average 
energies,  and  level  scheme  balances  are 
available  through  dial-up  Additional  pro- 
grams are  under  development  The  daia 
base  can  be  accessed  through  the  com- 
puter networks  DECnet.  MILNET  ana 
TYMNET 

Why  Is  This  Better  Than  Existing  Tech- 
nology'' Not  applicable 

Stage  of  Development.  Information  avail- 
able now 

Potential  Uses  and  Spinoffs  Not  ap- 
plicable 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact 
E  Browne 

Lawrence  Berkeley  Laboratory 
50A-6102 
Berkeley.  CA  94720 
Telephone  No    141 5)  486-61 52 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899  ____ 


Airborne  Beryllium  and  Arsenic  Standard 
References  Are  Available 

Laboratories  that  analyze  levels  of  beryllium  and  arsenic  in 
industrial  atmospheres  can  check  the  accuracy  of  their  equipment 
and  analytical  methods  with  a  standard  reference  material  (SRM) 
available  now  from  NBS.     Tests  to  determine  airborne  levels  of 
the  two  potentially  toxic  metals  in  workplace  environments--  in 
certain  mining  and  pesticide  industries,  for  example--are  crucial 
for  monitoring  worker  exposure  and  are  required  periodically  by 
the  Federal  Occupational  Safety  and  Health  Administration.     The 
new  NBS  material,  Beryllium  and  Arsenic  on  Filter  Media  (SRM 
2677),  will  allow  verification  of  such  tests.     It  is  designed  to  be 
run  through  the  same  chemical  tests  as  an  actual  air  sample  col- 
lected on  a  filter.     The  SRM,  which  contains  two  identical  sets  of 
four  mixed  cellulose  ester  membrane  filters,  is  certified  for  ac- 
curate amounts  of  beryllium  and  arsenic  composite  at  three  dif- 
ferent levels.     Included  in  the  sets  are  two  "blank"  filters  to  gauge 
the  ambient  levels  of  beryllium  and  arsenic  in  the  laboratory  where 
the  analysis  is  made. 


FOR  ADDITIONAL  INFORMATION:     SRM  2677  costs  $118  and  is 
available  from  the  Office  of  Standard  Reference  Materials,  B311 
Chemistry  Building,  National  Bureau  of  Standards,  Gaithersburg,  MD 
20899;     (301)  921-2045.     The  new  SRM  is  the  latest  in  a  series  of 
standard  reference  materials  developed  to  aid  clinical  and  industrial 
hygiene  analyses.     Others  include  SRMs  for  toxic  metals  in  freeze- 
dried  urine,  sulfate  and  nitrate  on  filter  media,  and  freeze-dried  urine 
for  mercury. 
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Rapid  Electron  Beam  Accelerator  Invented 


A  team  of  scientists  at  the  Naval 
Research  Laboratory  (NRL)  has  a  patent 
application  filed  for  a  technique  to 
develop  a  cyclic-styled  Rapid  Electron 
Beam  Accelerator  (rebatron)  for  the  pro- 
duction of  ultrahigh-current  charged- 
particle  beams. 

The  NRL  science  team  says  such  elec- 
tron beam  accelerators  are  important  in 
several  areas  of  research,  including 
directed  energy  systems,  tunnel  drilling, 
the  excitation  of  free  electron  lasers,  and 
in  fusion-related  applications. 

The  rebatron  accelerator  has  the  poten- 
tial of  producing  ultrahigh  energy  elec- 
tron beams  over  a  very  short  period  of 
time  (5-10  /isec).  In  contrast,  in  conven- 
tional and  modified  betatron  accelerators, 
beam  acceleration  occurs  over  several 
milliseconds.  Therefore,  the  rebatron  ac- 
celerator combines  the  speed  of  a  single 
pass,  linear-type  device  with  the  compact 
size  of  a  closed,  cyclic  accelerator. 


As  a  result  of  the  rapid  acceleration  in 
the  rebatron,  limitations  imposed  by 
radiation  losses  and  collective  instabilities 
are  reduced.  Thus,  the  beam  current  can 
be  very  high  while  the  major  radius  of  the 
device  remains  small.  An  additional  ad- 
vantage of  the  rebatron  accelerator  is  the 
electron  ring  insensitivity  to  a  possible 
mismatch  between  the  vertical  field  and 
the  energy  of  the  accelerated  electrons. 
This  has  several  important  beneficial  ef- 
fects on  the  weight  of  the  device. 


For  Additional  Information,  Contact: 
Navy  Domestic  Technology  Fact 

Sheet  Reader  Reply  Service 
Code  E2 11 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)663-8921 
Refer  to  110602ATN 


Injoclot 
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National  Aeronautics  and 
Space  Administration 

Goddard  Space  Flight  Center,  Greenbelt,  Maryland 


Feedback-Controlled  Regulation  of  Gas  Pressure 


Internal  pressure  is  maintained  over  a 

wide  range  of  external  pressures  and  exhaust  rates. 


A  feedback-controlled  variable  orifice 
regulates  gaseous-nitrogen  pressure  in  a 
liquid-nitrogen  Dewar  flask  with  precision 
of  ±  0.001  psi  (7  N/m2)  over  an  ambient- 
pressure  range  of  26  to  756  torr  (3.5  to 
100  kN/m2)  and  over  a  wide  range  of  an- 
ticipated flow  rates.  Designed  specifically 
to  maintain  airborne  infrared  detectors  at 
a  constant  temperature  in  evaporating 
liquid  nitrogen,  this  system  can  be  modi- 
fied to  regulate  the  pressure  in  other 
enclosed  systems. 

Previous  liquid-nitrogen  pressure 
regulators  have  been  of  the  passive 
mechanical  type.  Typically,  these  have  a 
regulating  accuracy  no  greater  than  ±  1 
psi  (7  kN/m2)  at  a  given  flow  rate. 
Moreover,  with  these  pressure  regu- 
lators, the  regulated  pressure  varies  as 
the  exhaust  rate  changes  with  the  am- 
bient pressure.  The  internal  pressure  also 
varies  as  system  motion  affects  the  eva- 
poration rateof  the  liquid  nitrogen. 

The  feedback-controlled,  variable- 
orifice  system  is  shown  schematically  in 
the  figure.  The  exhaust  opening  of  the 
liquid-nitrogen  Dewar  is  connected  to  a 
variable-orifice  mechanism  that  provides 
a  variable-area  port  for  the  exhausting 
gaseous  nitrogen.  Also  connected  to  the 
exhaust  opening  is  a  piezoelectric 
pressure  transducer.  The  transducer 
sends  the  electronic  control  circuit  a 
signal  proportional  to  the  gaseous- 
nitrogen  pressure. 

The  control  circuit  compares  the 
pressure-transducer  signal  to  the  set- 
point  signal  and  puts  out  an  error  signal 
proportional  to  the  difference  between 
them.  The  error  signal  is  sent  to  the 


The  Gaseous  Pressure  in  a  Liquid-Nitrogen 

Dewar  is  regulated  by  a  movable  tapered 
plug,  positioned  automatically  in  response 
to  signals  generated  by  a  piezoelectric 
pressure  transducer. 


linear-motion  control  circuit,  which 
causes  a  stepping  motor  to  move  a  cone- 
shaped  plug  within  the  exhaust  orifice. 
The  position  of  this  plug  determines  the 
effective  exhaust  opening,  thereby  caus- 
ing the  Dewar  pressure  to  be  returned  to 
the  setpoint. 

The  use  of  a  low-friction  valve  mecha- 
nism reduces  the  requirement  for  precise 
machining  during  the  manufacture  of  the 
valve  parts:  There  is  no  need  for  the  highly 


Linear-Motion  Control  Circuit 


polished  surfaces  that  would  be  necessary 
if  the  valve  were  designed  differently.  The 
electronic  control  circuit  controls  the  valve 
with  the  same  precision  over  its  entire 
range  of  operation.  The  valve-operating 
range  can  be  changed  easily,  with  minimal 
mechanical  alterations,  to  allow  for  any 
reasonable  anticipated  flow  rate. 

This  work  was  done  by  James  C. 
Smith  and  Peter  Leone  of  Goddard 
Space  Flight  Center.  GSC-12990  n~N 
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High-Flux  Atomic-Oxygen  Source 

Beams  of  pure  ground-state 
oxygen  atoms  would  be  produced. 


Magnetic 
Field 


Target 


Dissociative- 
Attachment  Region 


Superconducting 
Electromagnet  Colls 


Accelerated  Electrons  Strike  a  Beam  of  02  Gas  in  the  dissociative-attachment  region,  producing  O-  ions.  The  O'  ions  are  accelerated  to 
the  desired  final  energy  and  pass  through  the  photodetachment  region  to  form  0(3P)  atoms.  These  pass  between  electric  field  plates  to 
remove  O-  and  e  and  then  strike  the  target. 


A  proposed  apparatus  can  generate 
high  fluxes  (about  1015  atoms/cm^s)  of 
ground-state  (3P)  oxygen  atoms.  The  ki- 
netic energy  would  be  variable  in  the 
range  of  3  to  10  eV,  and  the  beam  would 
be  free  of  contaminants,  such  as  ions, 
metastable  1S  or  1D  oxygen  atoms,  or 
other  neutral  species.  Designed  specifi- 
cally to  study  the  degradation  of  materi- 
als and  spacecraft  glow  phenomena  in 
low  Earth  orbits,  this  oxygen-atom  beam 
source  could  be  used  to  study  gas-phase 
collision  phenomena  involving  energetic 
oxygen  atoms. 

In  the  proposed  source  (see  figure), 
electrons  are  generated  at  a  heated  fila- 


ment of  Lat$6  or  W.  Bias  voltages  Vt  and 
V2  accelerate  the  electrons  to  the  proper 
energy  (6.5  eV)  to  maximize  the  dissocia- 
tive attachment  of  a  beam  of  02  gas  (that  is, 
the  separation  of  O2  molecules  into  O"  ions). 
A  solenoidal  magnetic  field  provided  by 
superconducting  coils  contains  the  elec- 
trons e  and  the  ions  O-  produced  in  the 
dissociative-attachment  process. 

The  ions  are  accelerated  to  the  de- 
sired final  energy  eV2  and  pass  through  a 
cavity  containing  a  laser  beam  where  the 
electrons  are  photodetached.  The  laser  is 
tuned  to  2.5  eV,  which  is  the  photon 
energy  at  which  the  detached  neutral 
atoms  are  entirely  in  the  ground  3P  state. 


The  detachment  efficiency  is  increased 
by  the  multiple  reflection  of  the  laser 
beam  between  two  mirrors:  Typically  50 
to  100  passes  are  made. 

After  the  detachment,  the  O^P)  atoms 
travel  toward  the  surface  of  the  target  to 
be  tested.  The  sample  should  be  placed 
as  closely  as  possible  to  the  detachment 
region  —  to  minimize  the  loss  of  0(3P)  by 
divergence  after  detachment.  Electrons 
and  undetached  0'  ions  are  deflected  by 
electric-field  plates  (giving  a  trochoidal 
deflection  by  E  x  B)  into  a  collecting 
Faraday  cup. 

It  should  be  possible  to  increase  the 
source  intensity  to  about  1017/cm2  by 
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scaling  of  the  sizes  of  the  beams  from  the 
currently  proposed  1  cm  diameter  to  5  cm 
diameter.  If  lower  atomic  fluxes  are 
desired  (up  to  1013/cm2-s),  then  a  lower 
confining  magnetic  field  is  required,  and 
nonsuperconducting  windings  may  be 
used  in  the  magnet.  In  this  case,  the  ex- 


traction of  the  O'  ions  is  possible  in  the 
dissociative-attachment  region  in  a  direc- 
tion perpendicular  to  the  magnetic  axis. 
It  should  also  be  possible  to  use  the 
same  scheme  to  prepare  atomic-oxygen 
beams  from  a  variety  of  oxygen-contain- 
ing gases  (for  example  CO,  NO,  N20,  and 


C02).  The  particular  gas  used  determines 
the  energy  spread  and  divergence  angle 
in  the  0(3P)  beam. 

This  work  "was  done  by  Ara  Chutjian 
and  Otto  Orient  of  Caltech  for  NASA's, 
Jet  Propulsion  Laboratory.  * 

NPO-16640/TN 
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Etching  Silicon  Films  With  Xenon  Difluoride 

Microscopic  circuit  structures  are  prepared  for  probing. 


Xenon  difluoride  removes  relatively 
large  amounts  of  silicon  from  integrated- 
circuit  or  solar-cell  structures  while  leaving 
Si02,  Si3N4,  Al203,  and  other  compounds 
intact.  The  etching  technique  using  XeF2 
was  developed  to  aid  studies  of  the  physi- 
cal and  chemical  properties  of  interfaces 
between  silicon  and  compounds  of  sili- 
con or  other  elements  in  such  structures. 
Using  the  XeF2  technique,  a  silicon  wafer 
with  an  oxide  layer  can  be  reduced  in 
thickness  from  the  standard  300  ^m  to  as 
little  as  10  nm  without  adversely  affecting 
the  oxide. 

XeF2  is  a  white  solid  with  a  vapor  pres- 
sure of  4.5  torr  (6  x  102  N/m2)  at  room 
temperature.  It  is  allowed  to  sublimate  in 
a  vacuum  chamber  containing  the  speci- 
men to  be  etched  (see  Figure  1).  The 
etching  efficiency  of  XeF2  in  Si  is  only 
about  1  percent  per  molecular  impact. 
The  etching  rate  is  increased,  however, 
by  balancing  the  partial  pressure  and  flow 
rate  of  XeF2  in  such  a  way  that  the  aver- 
age number  of  collisions  of  an  XeF2  mole- 
cule with  the  sample  is  of  the  order  of 
hundreds. 

The  XeF2  flows  from  the  solid  source 
through  a  metering  valve  into  an  expan- 
sion chamber,  the  pressure  in  which  is 
monitored.  At  the  appropriate  pressure,  a 
dosing  valve  is  opened  to  allow  the  XeF2 
to  impinge  on  the  sample  at  the  cali- 
brated rate. 

The  sample  mount  is  part  of  a  sealed 
transfer  probe.  The  sample  is  cooled  to 
under  0°  C  to  insure  the  uniformity  of 
etching.  A  viewing  port  in  the  chamber 
makes  it  possible  to  observe  the  process 
directly  or  to  use  a  laser-based  thickness- 
measuring  system. 

Figure  2  shows  an  application  of  the 
technique.  In  this  case,  the  objective  is  to 
study  the  interface  between  a  50-A  layer 
of  Si02  and  a  1,500-A  layer  of  Al  depos- 
ited on  a  phosphorus-doped  wafer  of 
[100]  Si.  First,  the  front  (aluminum)  sur- 
face is  bonded  with  indium  solder  to  a 
gold-plated  sample  platen  The  oxide  is 
stripped  from  the  exposed  back  surface 


Transfer 
Probe 


Solid 

XeF2 

Source 


Figure  1.  In  the  Etching  Apparatus,  solid  XeF2  is  sublimated  in  a  vacuum,  then  allowed  to 
flow  over  the  sample  at  a  controlled  rate  and  pressure. 


by  etching  with  a  solution  of  HF:C2H5OH 
The  sample  is  then  transported  under  N2 
to  the  XeF2-etching  chamber. 

The  entire  silicon  layer  is  removed  in  6 
to  10  hours  After  the  XeF.  etch,  the  sam- 


ple is  transferred  in  air  to  a  wet-etching 
station  coupled  to  an  X-ray  photoelectron 
spectrometer  The  spectrum  is  recorded 
while  the  SiO:  is  slowly  etched  away.  In 
one  such  series  of  experiments,  the  spec- 
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troscopic  studies  showed  that  the  interface 
between  the  Al  and  the  Si02  is  atomically 
abrupt  if  unannealed  and  includes  a 
0.6-nm-thick  layer  of  Al203  if  annealed. 
This  work  was  done  by  Michael  H. 

Hecht  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

NPO-16527and  NPO-16528  /TN 
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Figure  2.  A  Wafer  Is  Etched  from  the  back  to  expose  Si02  and  Al  layers  for  spectroscopic 
analysis  of  the  Si02/Al  interface. 
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Electron-Diffraction 
Analysis  of  Growth  of 
GaAs 

This  technique  elucidates 
the  mechanisms  of  GaAs 
crystal  growth. 


A  report  describes  experiments  that 
used  reflection  high-energy-electron  dif- 
fraction (RHEED)  to  investigate  the 
behavior  of  GaAs  surfaces  during  and 
after  growth  by  molecular-beam  epitaxy 
(MBE).  The  experimental  results  show 
that  dynamic  RHEED  measurements  are 
useful  both  as  probes  of  surface  and 
growth  kinetics  and  as  methods  for  deter- 
mining and  reproducing  surface  and 
growth  conditions. 

The  experiments  were  performed  in  a 
Riber  1000-2  MBE  system.  The  (001)  semi- 
insulating  GaAs  substrates  were  main- 
tained at  600  °C.  For  all  RHEED  meas- 
urements, the  electron  beam  was  in- 
cident along  the  [110]  axis  of  the  surface. 
An  off-Bragg  angle  of  incidence  caused 
interference  between  beams  that  dif- 
fracted from  adjacent  layers,  resulting  in 
high  sensitivity  to  step  behavior.  Gallium 
fluxes  were  determined  by  measurement 
of  the  periods  of  oscillations  in  the 
RHEED  pattern  during  growth;  arsenic 
fluxes  were  determined  by  previous 
calibrations  of  an  ion  gauge  near  the 
sample  position. 

In  one  experiment,  the  RHEED  spec- 
ular-beam intensity  was  measured  during 
and  after  short  depositions  ranging  from 
a  small  fraction  of  a  monolayer  to  several 
monolayers  of  Ga  while  the  As  pressure 
was  held  at  2.2 x107  torr  (2.9  x10'5 
N/m2:  This  gave  an  As  incorporation  rate 


of  2.9  monolayers  per  second  After  each 
deposition,  the  specular  beam  intensity 
was  measured  until  it  recovered  its 
pregrowth  value. 

The  recovery  behavior  depends 
strongly  on  the  amount  of  Ga  deposition. 
The  initial  intensity  recovery  is  fastest 
after  the  growth  of  an  integral  number  of 
monolayers  and  slowest  after  half- 
integral  growths.  This  effect  is  largest  for 
0.5  to  1.0  monolayers  and  still  remains 
significant  after  13  monolayers.  How- 
ever, the  time  to  recover  completely  to 
the  predeposition  intensity  is  longer  for  in- 
tegral depositions  than  for  fractional  dep- 
ositions. 

The  recovery  curves  generally  follow 
the  form 

I  =  Aq-A^-Vti  -A2e^T2 

where  I  is  the  RHEED  intensity,  Aq  is  the 
pregrowth  intensity,  A,  and  Aj  are  con- 
stants, and  t,  and  t2  represent  time  con- 
stants for  fast  and  slow  recovery  pro- 
cesses, respectively  The  least-squares 
fit  of  this  equation  to  the  data  is  excellent, 
except  after  integral  or  integral  minus 
0.12  monolayer  depositions. 

Another  experiment  was  designed  to 
show  the  dependence  of  the  RHEED  in- 
tensity oscillations  on  the  As  pressure.  At 
high  As  flux,  the  intensity  oscillations 
have  a  small  amplitude,  which  is  rapidly 
damped  out.  When  the  As  pressure  is 


reduced,  the  damping  is  continuously 
reduced,  while  the  amplitude  of  '.^e 
oscillations  first  increases  and  then 
decreases  again  at  low  As  pressure 
Below  an  As  pressure  of  8  x  10  8  torr 
(1  x  10'5  N/m2),  there  are  no  oscillations. 
and  growth  is  stabilized  by  Ga 

These  results  can  be  understooc  by 
considering  the  fast  recovery  process  as 
a  rapid  smoothing  of  the  growth  front  and 
the  slow  process  as  the  recovery  of  long 
range  order  in  the  form  of  the  rearrange 
ment  of  terraces,  the  reduction  of  one 
dimensional  disorder,  or  both  The  fas' 
process  produces  the  largest  change  a 
low  As  pressure,  suggesting  the  mig-a 
tion  of  Ga  atoms.  The  siow  process  is 
fastest  at  high  As  pressure,  suggesting 
the  reduction  of  disorder  The  slow 
recovery  after  the  deposition  of  1  0 
monolayers  indicates  that  such  surfaces 
are  very  different  from  the  equilibrium  no- 
growth  surface 

This  work  was  done  by  Blair  F  Lews 
Frank  J  Grunthaner,  Anupam  Madhukar. 
T  C  Lee,  and  Rouel  Fernandez  or 
Callech  for  NASA's  Jet  Propulsion 
Laboratory. "RHE ED  Intensity  Behave- 
During  Homoepitaxia!  MBE  Growth  of 
GaAs  and  Implications  for  Growth  Kinetic 
and  Mecnamcs,"  NF>0-16755  /TN 
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Subject  to  Nonlinear  Equality  and  Inequality 
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This  technical  note  was  based  on  a  software  package  developed  by  Argonne 
National  Laboratory  for  the  U.S.  Department  of  Energy  and  available  at  the 
National  Energy  Software  Center. 


Argonne  National 
Laboratory 


The  program,  entitled  "VMCON."  re- 
quires significantly  fewer  function  evalua- 
tions than  are  required  by  penalty,  aug- 
mented Lagrangian,  or  projection  tech- 
niques. 

The  program  uses  an  iterative  quadratic 
programming  method  with  a  quasi-Newton 
estimate  of  the  Hessian  of  the  Lagrangian 
to  generate  new  solution  estimates. 


"VMCON"  is  designed  for  operation  on 
an  IBM370  and  303x  and  is  written  in  FOR- 
TRAN IV  using  the  OS/370  operating  sys- 
tem. It  requires  95K  bytes  of  memory. 
(References  1  and  3  are  included  with  the 
software  package.) 


REFERENCES 


DOE  reportis): 

( 1)  Solution  of  the  General  Nonlinear  Programming 
Problem  with  Subroutine  VMCON. 

Report  number:  ANL-80-64/NAB 
Price:  $9.95 

(2)  Basic  Linear  Algebra  Subprograms  for  FORTRAN 
Usage. 

Report  number:  SAND77  0898/NAB 
Price:  $9  95 


Other  reference(s): 

(3)  VMCON  Tape  Description. 
Report  number:  NESC  Note  81-29 
Order  number:  NESC  No.  922.370 

(4)  Algorithms  for  Nonlinear  Constraints  That  Use 
Lagrangian  Functions.  Math.  Program..  14: 224-248 
(1978). 

(5)  A  Fast  Algorithm  for  Nonlmearly  Constrained 
Optimization  Calculations,  in  Lecture  Notes  in 
Mathematics.  Numerical  Analysis  Proceedings. 
Biennial  Conference.  Dundee  1977.  Vol.  630.  pp. 
144-157. 

References  1-2  are  available  separately  from  NTIS.  See 
order  information  below. 


ORDER 
INFORMATION 


This  software  package  (DE83048922/NAB)  can  be 
purchased  for  $1 135  (North  American  Price)  To  obtain 
ordering  information  for  software  or  references,  contact 
National  Technical  Information  Service.  Computer 
Products  Center.  (703)  487-4763 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  (NESC 
No.  922)  directly  or  by  subscription  from: 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No:  (312)  972-7250  (Comm) 
972-7250  (FTS) 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899  


Microwave  Technique  brings  Safer,  Quicker, 
Chemical  Analysis 

Joint  research  at  NBS  with  CEM  Corporation  has  led  to  improved 
techniques  for  using  microwave  technology  to  dissolve  samples 
for  chemical  analysis.     Oven-like  microwave  heating  devices 
have  been  gradually  replacing  more  traditional  methods  for 
dissolving  samples  because  they  are  much  faster  and 
contaminant-free.     While  the  microwave  techniques  offer 
sweeping  improvements,  industrial  users  have  still  had 
questions  about  their  operation  and  safety.     To  address  those 
uncertainties,  the  North  Carolina-based  CEM  Corporation  2  years 
ago  established  a  Research  Associate  Program  with  NBS'  Center 
for  Analytical  Chemistry.     The  research  team  now  has  a  workable 
system  that  allows  industrial  chemists  to  tailor  their  own 
microwave  devices  to  get  better  results.    More  than  200 
industries,  universities,  and  research  laboratories  have  called 
NBS  requesting  help  with  specific  applications  of  microwave 
techniques. 


FOR  ADDITIONAL  INFORMATION:     Industries,  universities,  or  government 
agencies  interested  in  learning  more  about  the  NBS/CEM  research  should 
contact  Dr.  Howard  M.  Kingston  or  Lois  B.  Jassie,  A353  Chemistry  Buildirg, 
National  Bureau  of  Standards,  Gaithersburg,  MD     20899;  (301)  921-3674. 
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Partial-Transmission  Scintillation  Detector  for  Ions 


Only  the  outer  portion  of  the  ion  beam  is  sampled 
to  prevent  unnecessary  energy  losses. 


The  flux  of  heavy  ions  in  a  beam  can 
now  be  measured  without  significantly  re- 
ducing the  energies  of  the  ions  in  the  cen- 
tral part  of  the  beam.  Previously,  the  ion 
flux  was  measured  by  passing  the  beam 
through  a  scintillation  foil  coupled  to  a 
photomultiplier  tube.  The  ions  lost  kinetic 
energy  as  they  traversed  the  foil.  The  use 
of  thin  foils  (0.5  micrometer  or  less  in 
thickness)  to  reduce  the  energy  loss  was 
difficult,  however,  because  the  foils  were 
fragile  and  often  could  not  withstand  the 
handling  and  vibration. 

A  new  measurement  device  allows  only 
the  periphery  of  the  beam  to  pass 
through  a  scintillation  material.  The  total 
flux  in  a  uniform  beam  can  be  inferred 
from  the  peripheral  flux.  The  device  thus 
provides  readings  without  reducing  the 
energy  of  the  ions  in  the  middle  of  the 
beam. 

The  ion  beam  is  collimated  by  a  hole  in 
an  aluminum  plate  (see  figure).  The  beam 
then  passes  through  a  hole  in  a  plastic 
scintillation  plate.  This  second  hole  is  co- 
axial with  the  first  one  and  slightly  smaller 
in  diameter.  This  hole  thus  intercepts  the 
edge  of  the  beam.  The  ions  impinging  on 
the  plastic  cause  it  to  scintillate,  and  the 
scintillation  is  measured  by  a  photomulti- 
plier tube. 

This  work  was  done  by  Carl  J.  Malone 
and  John  A.  Zoutendyk  of  Caltech  for 


A  Plastic  Scintillation  Screen  measures  heavy-ion  flux  with  minimal  effect  on  the  middle 
of  the  ion  beam.  The  measurement  device  was  developed  for  ion  beams  used  In  studies  of 
how  fast,  heavy  ions  affect  integrated-circuit  chips. 

NASA's  Jet  Propulsion  Laboratory. 

NPO -16501 /TN 
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Vacuum-Ultraviolet  Intensity-Calibration  Standard 

A  portable  light  source  enables  the  calibration  of  spectrometers. 


Spectrometers  equipped  with  photo- 
detectors  can  be  calibrated  on  a  relative 
basis  in  the  full  vacuum-ultraviolet  (VUV) 
wavelength  range  of  40  to  200  nm,  by  use 
of  a  simple,  compact  laboratory  source  of 
radiation  and  a  theoretical  model  that  re- 
lates the  emission  intensity  as  a  function 
of  wavelength  to  the  molecular  constants 
of  the  gaseous  emitters  in  the  source. 
Previously,  there  were  blackbody  stand- 
ards in  the  visible  and  near  ultraviolet,  but 
there  were  no  intensity-calibration  stand- 
ards in  the  VUV. 

The  source  in  which  various  gases  are 
excited  by  electron  impact  is  shown  in  the 
figure.  In  an  electron-impact  emission 
chamber,  a  magnetically  collimated 
beam  of  electrons  of  variable  energy 
(1  eV  to  1  keV)  is  crossed  with  a  beam  of 


gas  formed  by  a  capillary  array.  The  ad- 
justable background  gas  pressure  varies 
from  1  x  10-7  to  2  x  10-5  torr  (1.3x10-5  to 
2.6x10-3  N/m2).  Inelastic  collisions  be- 
tween electrons  and  molecules  cause 
the  emission  of  photons,  which  are  ob- 
served perpendicularly  to  the  electron 
beam. 

This  source  was  used  to  measure  labo- 
ratory standard  electron-impact  VUV 
spectra  for  important  band  systems  of  H2 
and  N2,  which  include  two  Rydberg  series 
of  H2,  La,  and  L0  dissociatively  excited 
from  H2  and  the  N2  (a1ng  -  X1I+  )  band 
system.  The  H2  standard  spectrum  ex- 
tends from  80  to  170  nm,  and  the  N2 
standard  spectrum  extends  from  110  to 
260  nm.  These  spectral  measurements 
agreed  within  1 0  percent  of  those  calculat- 


ed from  a  theoretical  model,  which  includ- 
ed vibrational  and  rotation-al  structures  of 
the  electron-excited  systems  at  the  resolu- 
tion of  the  laboratory  spectrometer  Such 

a  close  agreement  shows  that  this  source 
can  serve  as  a  relative  intensity-calibration 
standard  for  VUV  instruments  in  the  region 
of  80  to  170  nm,  provided  that  account  is 
taken  of  optical-depth  effects  for 
foreground  abundances  greater  than 
3x1012  cm'2  with  H2  as  the  calibration 
gas. 

In  a  typical  laboratory  procedure,  for 
example,  in  calibrating  a  spectrometer  in 
the  range  of  80  to  170  nm,  the  H2 
pressure  in  the  capillary  array  is  0.1  torr 
(13  N/m2),  and  a  100-eV,  200y\  electron 
beam  is  produced  by  a  Pierce  electron 
gun,  magnetically  focused  by  quadrupole 


Vacuum  Ultraviolet  Light  (40  to  200  nm)  is  produced  in  an  electron-impact  emission  chamber  by  leading  a  beam  of  gas  across  an  electron 
beam.  The  photons  are  observed  at  right  angles  to  the  electron-beam  axis. 
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rods.  The  electron  beam  is  collected  and 
monitored  by  a  Faraday  cup  to  ensure 
that  all  electrons  leaving  the  electron-gun 
aperture  are  collected.  To  be  calibrated, 
the  source  spectrum  is  then  recorded  by 
the  spectrometer.  The  desired  relative 
sensitivity  of  the  spectrometer  is  the 
measured  spectrum  divided  by  the  syn- 
thetic (theoretical)  spectrum  of  the  same 
resolution.  The  flight  Galileo  Ultraviolet 
spectrometer  and  the  Spartan  Halley  Ul- 


traviolet spectrometer  were  calibrated  at 
the  University  of  Colorado  by  this  por- 
table UV  light  source. 

Current  work  on  argon  will  allow  cali- 
bration to  be  extended  to  the  lower  wave- 
length limit  of  40  nm.  The  absolute 
calibration  can  be  determined  by  nor- 
malization at  a  single  wavelength  by 
other  means:  (a)  blackbody  standard  near 
200  nm,  (b)  comparison  to  a  calibrated 
photodiode,  and  (c)  same  electron  beam 


source  described  above  in  static  gas 
mode  using  a  standard  cross  section; 
e.g.,  He  (58.4  nm). 

This  work  was  done  by  Joseph  M. 
Ajello  and  Brian  0.  Franklin  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-16621/TN 
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Echelle/Grism  Spectrograph 


More  even  spectral  dispersion 
over  the  detector  area  makes 
all  wavelengths  more 
distinguishable. 


A  proposed  echelle  spectrograph 
would  include  a  grating/prism  combina- 
tion, called  a  "grism,"  to  make  the  spec- 
tral dispersion  over  the  detector  more 
even  than  it  usually  is  in  such  instru- 
ments. The  instrument  performance 
would  thus  be  improved,  with  little  addi- 
tional manufacturing  effort.  Furthermore, 
since  the  grism  would  be  placed  within 
collimated  light  and  its  faces  would  be  op- 
tically flat,  it  would  introduce  no  aberra- 
tions into  the  optical  system. 

In  a  conventional  echelle  spectro- 
graph (top  of  Figure  1),  collimated  light  is 
first  diffracted  by  an  echelle  grating  to  a 
high  order  in  one  plane,  then  diffracted  by 
a  second  grating  (called  a  "cross  dis- 
perser")  in  a  perpendicular  plane.  The 
resulting  dispersion  spreads  the  spec- 
trum out  on  the  detector  plane  in  two 
dimensions  as  several  diffraction-order 
lines  side  by  side,  with  the  wavelength 
varying  with  its  position  along  each  line. 

The  diffraction  angle  in  each  diffrac- 
tion plane,  and  therefore  the  placement 
of  each  order  line  on  the  detector  plane, 
varies  nonlinearly  as  sin1(C1  A  m  +  C2), 
where  C,  and  C2  are  constants,  m  =  the 
diffraction  order,  and  k  =  wavelength.  If 
large  spectral  coverage  or  resolving 
power  or  both  are  required,  then  as 
shown  at  the  bottom  of  Figure  1 ,  the 
order  lines  become  crowded  near  one 
end  of  the  spectrogram.  Crowded  order 
lines  tend  to  make  the  wavelength  lines 
within  the  order  lines  indistinguishable, 

thereby  rendering  the  instrument  useless 
in  the  affected  portion  of  the  spectrum. 

In  the  improved  spectrograph,  the 
cross  disperser  is  replaced  by  the 
grating/prism  combination  of  Figure  2. 
The  light  from  the  echelle  grating  is 
refracted  into  the  prism,  diffracted  by  the 
grating,  then  refracted  back  out  of  the 
prism.  The  sum  of  the  direction  changes 
introduced  by  refraction  at  the  prism  sur- 
face varies  with  the  wavelength  and 
order  in  such  a  way  that  the  sum  com- 
pensates for  part  of  the  order-line 
crowding  of  the  grating. 
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Figure  1.  A  Conventional  Echelle  Spectrograph  (above)  Includes  two  diffraction  gratings 
operating  in  two  perpendicular  planes.  The  Instrument  produces  a  two-dimensional  spec- 
trogram (below)  showing  several  lines  that  correspond  to  different  diffraction  orders. 
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The  final  position  of  each  spectral 
component  at  the  detector  is  now  an 
even  more  complicated  nonlinear  func- 
tion of  the  angle  of  incidence,  prism 
vertex  angle,  prism  index  of  refraction, 
wavelength,  and  order.  However,  the 
prism  parameters  can  be  chosen  to  re- 
duce the  order-line  crowding,  even  to 
almost  completely  eliminate  the  non- 
linear effect  of  the  cross  disperser.  Thus, 
the  orders  would  be  spread  out  almost 
evenly,  allowing  more  of  the  detector 
area  to  record  useful  information.  The  in- 
strument can  therefore  be  designed  for 
greater  spectral  coverage,  resolving 
power,  or  both 

This  work  was  done  by  Andrew  A. 
Dantzler  of  Goddard  Space  Flight 
Center.    GSC-12977 /TN 


* 


Grating'1 


Figure  2.  The  Grating/Prism  Combination 
"Grlsm"  is  used  in  place  of  the  cross 
disperser  of  Figure  1.  The  refractive  proper- 
ty of  the  prism  can  be  exploited  to  compen- 
sate for  some  or  most  of  the  nonlinearity  in- 
troduced by  the  grating. 
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Rigid/Compliant  Helicopter  Rotor 

The  rotor  structure  ensures  both  effective 
aerodynamic  support  and  efficient  pitch  changes. 


A  conceptual  helicopter  rotor  design 
includes  blade-root  structures  that  are 
rigid  in  flexure  but  compliant  in  torsion. 
The  four  blades  are  shells  with  rigid  inner 
I-beam  arms  that  are  integrated  with  the 
rotor  hub.  Through  each  blade,  a  control 
arm  extends  from  a  pitch-control  actuator 
in  the  hub  (see  figure).  Elastomeric  bear- 
ings allow  the  control  arms  to  twist  the 
blades  and  thus  change  the  blade  pitch 
without  turning  the  I-beam  arms.  Cen- 
trifugal force  is  carried  by  a  tension  strap. 
Leading  and  lagging  movements  of  the 
blades  are  restrained  by  dampers.  Ducts 
inside  the  leading  and  trailing  edges  of 
the  blade  shells  carry  air  for  partial  cyclic 
aerodynamic  control  of  lift  and  pitch. 

The  pitch  of  the  blades  is  varied  collec- 
tively by  synchronized  rotation  of  the  actu- 
ator arms  on  the  hub  at  the  blade  roots, 


which  apply  torsion  to  the  blades.  The  ten- 
sion straps  offer  negligible  restraint  to  tor- 
sion and  thus  allow  the  actuator  arms  to 
twist  the  blades  freely.  If  an  actuator  arm 
should  fail,  a  redundant  arm  at  the  root  of 
the  same  blade  provides  continued  con- 
trol and  support.  The  redundant  arm  and 
bearings  are  normally  separated  by  a 
small  gap  but  make  contact  when  a 
failure  occurs. 

Because  the  control  arms  support  the 
blades  at  their  roots,  root  bearings  are 
not  needed.  Neither  are  thrust  bearings 
needed,  because  the  tension  straps  re- 
sist the  centrifugal  force.  Because  the 
blades  can  be  twisted  without  twisting 
their  I-beam  arms,  control  forces  are 
reduced.  Moreover,  because  root  bear- 
ings are  not  used  and  more  space  is 
therefore  available  at  the  roots,  the 


I-beams  can  be  designed  to  resist  loads 
more  efficiently. 

This  work  was  done  by  P.  Jeffery  of 
United  Technologies  Corp.  for  Ames  Re- 
search Center.  Further  information  may 
be  found  in  NASA  CR- 1 66399  [N  82-32341/ 
NSP],  "Rotosystems  Research  Aircraft 
Vertical  Drag  Test  Report. "  [A05] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical 
Information  Service,  Springfield.  Virginia 
22161,  Telephone  No.  (703)  487-4650. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel. 
Ames  Research  Center 
Refer  to  ARC-1 1518  fTN 
Ames  Research  Center 
Technology  Utilization  Officer: 
Laurance  A  Milov 
Mail  Code  204-10 
Moffett  Field,  CA  94035 
(415)694-5761 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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The  Top,  Sides,  and  Cross  Sections  show  details  of  the  torsionally  compliant,  flexurally  rigid  rotor.  The  structure  permits  more  efficient 
pitch  control  with  less  weight  At  the  same  time,  it  improves  reliability  through  redundancy  in  supports  and  control  mechanisms. 


fWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Alew/s  Research  Center,  Cleveland,  Ohio 


High-Speed  Propeller  for  Aircraft 

Engine  efficiency  will  be  increased. 


The  advanced  high-speed  propeller 
(propfan)  extends  the  cruise  speed  of 
conventional  turboprop  systems  from  the 
0.5-  to  0.6-mach  range  to  the  mach-0.8 
speed  range  of  today's  turbofan-powered 
aircraft.  Compared  to  turbofans,  how- 
ever, the  propfan  offers  a  substantial  im- 
provement in  propulsive  efficiency.  Fuel 
savings  over  advanced  high-bypass-ratio 
turbofan  systems  are  estimated  to  be  15  to 
20  percent  (30  to  50  percent  over  current 
turbofan  systems).  Had  the  domestic 
fleet  of  B727,  B737,  and  DC-9  aircraft 
been  replaced  with  propfan  engines  in 
1981,  a  total  of  3  billion  gallons  (1  x  Wm3) 
of  fuel  would  have  been  saved.  Examples 
of  propfan-powered  transport-aircraft 
concepts  are  shown  in  Figure  1 . 

The  major  features  of  an  advanced 
high-speed  turboprop  propulsion  system 
are  shown  in  Figure  2.  The  propeller 
blades  themselves  are  required  to  be 
kquite  thin  and  highly  swept  to  minimize 
"compressibility  losses  and  propeller 
noise  during  high-speed  cruise.  The  use 
of  8  or  10  blades  with  a  high-propeller- 
power  loading  allows  overall  propeller  di- 
ameter to  be  kept  relatively  small. 

An  area-ruled  spinner  and  integrated 
nacelle  shape  reduce  compressibility 
losses  in  the  propeller  hub  region.  Finally, 
a  large  modern  turboshaft  engine  and 
gearbox  provide  power  to  the  advanced 
propeller. 

The  propfan  system  is  adaptable  to  a 
number  of  applications,  such  as  high- 
speed (subsonic)  business  and  general- 
aviation  aircraft,  and  military  aircraft 
including  V/STOL. 

This  work  was  done  by  David  A. 
Sagerser  of  Lewis  Research  Center  and 
Bernard  S.  Gatzen  of  Div.  of  United  Tech- 
nologies Inc.  Further  information  may  be 
found  in  NASA  TM-83736,  [N84-29878/ 
NSP],  "Fuel  Savings  Potential  of  the 
NASA  Advanced  Turboprop  Program" 
[A04J  A  copy  may  be  purchased  [prepay- 
ment required]  from  the  National 
Technical  Information  Service,  Spring- 
field, Virginia  22161. 
LEW-14241/TN 


Figure  1.  Typical  Transport  Airplanes  are  shown  equipped  with  the  new  highspeed 
propellers. 


Figure  2.  The  Advanced  High-Speed  Turboprop  System,  with  the  design  features  in- 
dicated here,  will  increase  efficiency.  Fuel  savings  of  30  to  50  percent  over  present 
systems  are  anticipated. 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  S7S~, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


NTIS  Tech  Notes  November  86 


i:-a 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


« 


Project  Number:  1L162209AH76 


Filing  Code:  73D082 


Scale-Model  Aerodynamic  Tests  of  a  Scout  Helicopter 

The  aircraft  configuration  is  shown  to  be  unstable. 


A  21 -percent-scale  model  of  a  prototype  scout 
helicopter  was  tested  in  a  4-  by  7-m  wind  tunnel. 
The  tests  showed  that  the  prototype  aircraft  (see 
figure)  was  longitudinally  unstable  with  angle  of  at- 
tack for  all  configurations  and  flight  conditions 
evaluated. 

The  testing,  which  was  performed  by  the  U.S. 
Army  Aviation  Systems  Command,  was  intended 
to  define  the  overall  aerodynamic  characteristics 
of  the  prototype,  to  determine  the  effects  of  the 
rotor  on  the  aerodynamic  characteristics,  and  to 
evaluate  the  effect  of  a  mast-mounted  sight  on 
stability.  The  tests  were  run  at  angles  of  attack  from 
- 16°  to  +16°,  angles  of  sideslip  from  -  30°  to 
+  30°,  advance  ratios  from  0  (hover)  to  0.22 
[based  on  a  hover  tip  speed  of  650  ft/s  (198  mis)], 
and  thrust  coefficients  from  0.0018  to  0.0065.  Six 
components  of  force  and  moment  data  were 
measured  for  both  the  rotor  and  the  airframe  at 
each  data  point.  The  results  were  reduced  to  non- 
dimensional  form  and  to  the  equivalent  full-scale 
dimensional  form  customarily  used  by  the  U.S. 
helicopter  industry. 

The  primary  cause  of  the  longitudinal  instability 
was  a  strong  turbulent  wake  shed  by  the  engine 
pylon,  rotor  hub,  and  pitch-change  pushrods.  The 
wake  interfered  with  the  horizontal  tail,  causing 
premature  stalling  of  the  tail  and  reduced  dynamic 
pressure  at  the  tail.  The  mast-mounted  sight  had  lit- 


The  Model  Used  In  Wind-Tunnel  Testing  held  a  sight  m  a 
spherical  fairing  atop  the  rotor  The  sight  was  found  to  have  lit- 
tle effect  on  stability  but  increased  drag  through  its 
aerodynamic  interaction  with  the  rotor  (Dimensions  of  the 
scale  model  are  in  inches.)  | 


tie  effect  on  stability  but  did  create  a  high  in- 
terference drag  by  altering  the  rotor  lift  distribution. 

FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  Oy  ordenng  the  NTIS  -eportisl 

Wind  Tunnel  Evaluation  ot  ail  Percent  Scale  Powered  Model  ot  a 

Prototype  Advanced  Scout  Helicopter 

Order  number  AD-A 15711 5/NAA 

Price  code  A04 
Order  trom 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ot  the  intormation 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  trom  privately  owned  rights. 
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Measuring  Transonic  Velocities  at  Helicopter  Blades 

Holographic  and  tomographic  techniques  are  combined 
in  an  accurate,  practical  method. 


Holographic  interferometry  and  computer- 
assisted  tomography  (CAT)  are  used  to  determine 
the  transonic  velocity  field  of  a  helicopter  rotor 
blade  in  hovering  flight.  Previously,  accurate  tran- 
sonic data  have  been  scarce  because  of  the  com- 
plexity and  difficulty  of  obtaining  measurements. 
The  values  from  the  holography/CAT  method 
compare  favorably  with  numerical  computations 
for  most  blade  locations  except  very  near  the  tip 
region.  The  method,  which  was  jointly  developed 
for  the  National  Aeronautics  and  Space  Ad- 
ministration and  the  U.S.  Army  Research  and 
Technology  Laboratories,  has  proved  to  be  a 
highly  effective  way  of  measuring  transonic  flow 
around  a  moving  blade. 

A  pulsed  ruby-laser  holographic  system 
}  creates/records  interferograms  with  a  field-of- 
view  2  ft  (0.6  m)  in  diameter  near  the  tip  of  the 
rotating  (1/7-scale)  model  of  a  rotor  blade  (see 
figure).  The  mach  number  at  the  tip  is  0.9.  The  in- 
terferograms are  digitized,  and  the  fringe-order 
functions  are  extracted  from  them.  The  function 
data  are  transferred  to  a  CAT  code,  which 
calculates  the  perturbation  velocity  in  several 
planes  above  the  blade  surface. 

The  holographic  interferograms  are  recorded 
at  40  different  viewing  locations.  (The  blade 
rotates  in  a  clockwise  direction,  and  its  motion 
can  be  captured  at  any  desired  viewing  angle  with 
the  pulsed  laser.)  An  image-processing  system 
connected  to  a  host  computer  constitutes  the 
main  hardware  for  digitizing  the  interferograms 
and  enhancing  the  image. 


Blade 


Transparent 
Field-of-lnterest 


The  Three-Dlmenslonal  Transonic  Field  near  a  model 
blade  tip  is  reconstructed  quantitatively  in  several  steps.  In 
the  tirst  step,  shown  here,  interferograms  are  recorded  along 
planes  perpendicular  to  the  plane  of  the  rotor-tip  path  at 
various  azimuthal  angles. 

Project  officer  John  K.  Kittleson 
(415)  694-6062  or  FTS  464-6062. 

FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reportfs) 

Reconstruction  of  a  Three-Dtmensional  Transonic  Rotor  Flow  Field  from 

Holographic  Interferogram  Data 

Order  number  ADA  152617/NAA 

Price  code:  A03 
Order  from. 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  Information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Icing  Tests  on  the  UH-60A  Black  Hawk  Helicopter 


The  ESSS  equipped  aircraft  was  safe 
to  operate  in  moderate  icing  conditions. 


The  U.S.  Army  Aviation  Systems  Command  per- 
formed a  limited  natural  and  artificial  icing  evalua- 
tion of  the  production  UH-60A  helicopter  to  deter- 
mine its  capability  to  operate  safely  in  a  moderate 
icing  environment.  The  helicopter  was  equipped 
with  an  external  stores  support  system  (ESSS)  and 
selected  components  of  a  prototype  wire-strike 
protection  system  (WSPS).  The  ESSS,  which  in- 
cludes externally  mounted  auxiliary  fuel  tanks, 
allows  the  helicopter  to  operate  over  long 
distances. 

The  deicing  kit  installed  on  the  helicopter  includ- 
ed a  main-rotor  and  tail-rotor  deicing  system;  an 
ice-detection  system;  and  anti-ice  provisions  for 
the  main-rotor  droop  stops,  the  pilot  and  copilot 
windshields,  pitot-static  tubes  and  their  support 
struts,  engines,  and  engine  inlets.  Artificial-icing 
tests  were  conducted  by  flying  in  a  spray  cloud 
generated  by  the  helicopter  icing  spray  system 
(see  figure).  Natural  icing  tests  were  conducted  by 
flying  in  icing  environments  under  instrument  flight 
rules. 

As  configured  with  the  ESSS,  the  helicopter 
operated  safely  under  moderate  icing  conditions. 
However,  the  installation  of  both  the  WSPS  and  the 
improved  airspeed  system  pitot-static  tube  support 
strut  fairings  or  wedges  increased  the  probability 
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The  Helicopter  Icing  Spray  System  consists  of  an  inter- 
nally mounted  water  tank  and  an  external-spray  boom 
assembly  suspended  beneath  the  aircraft  from  a  cross 
tube  through  the  cargo  compartment. 

that  shed  ice  particles  would  damage  the  engine  or 
rotating  components. 

FOR  ADDITIONAL  INFORMATION 

Vbu  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 

Limited  Artificial  and  Natural  Icing  Tests  ol  the  External  Stores  Support 

System  (ESSS)  Installed  on  a  UH-60A  Aircraft. 

Order  number:  ADA156263/NAA 

Price  code:  AW 
Order  from 

National  Technical  Information  Service 

5285  Pon  Royal  Road 

Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ol  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 


NTIS  Tech  Notes  Noveaber  86 


1279 


ftU.S.  GOVERNMENT  PRINTING  OFF  ICE : 1986-18 1 -069 : 400 1 3 


NTIS  Order  Form 


NTIS 

Telephone  Numbers 

To  Order  Reports 
(703)487-4650    - 

For  Subscription 
Questions 
(703)  487-4630 

Other  Information 
(703)  487-4600 

Editorial  Questions 
(703)  487-4838 


Postage: 

NTIS  uses  First  Class  Delivery,  or 
equivalent  service,  on  all  shipping. 
For  information  about  one  day 
RUSH  ordering,  call  (703)  487- 
4600. 


Use  this  form  ONLY  to  order  reports  designated  as  available  from  NTIS 

MAIL  ORDER  TO:        National  Technical  Information  Service 
U.S.  DEPARTMENT  OF  COMMERCE 
5265  Port  Royal  Road 
Springfield,  VA  221 61 
(703)  487-4650 

Send  me  the  reports  I  have  selected  on  this  form.  I  have  placed  order  numbers 
in  appropriate  blanks  and  have  indicated  the  quantity.  IF  ADDRESS  LABEL  IS 
NOT  CORRECT,  CALL  OUR  SUBSCRIPTIONS  DEPARTM  ENT. 

Last  Name: 

Title: 

Company/Organization: 

Address: 


NTIS  PRICE  CODE  SCHEDULE*        ! 

This  schedule  gives  the  current  values 

to  the  price  codes  cited  in 

those  Tech 

Notes  having  a  backup  report                  ' 

available  from  NTIS. 

Microfiche 

A01 

$5.95 

Paper  copy 

A02  and  A03 

.     9.95 

A04  and  A05 

11.95 

A06  through  A09. . 

16.95 

A1 0  through  A1 3. . 

22.95 

A14throughA17.. 

28.95 

A1 8  through  A21  . . 

34.95 

A22  through  A25  . . 

40.95 

A99 Call 

for  price 

Customers  in  Canada,  Ur 

ited  States, 

and  Mexico  use  this  sche< 

Jule.  Other 

addresses  should  write  fo 

rthe  price 

• 

listing,  number  PR-360-4. 

Prices  effective  January  1 

,1986 

City/State/Zip: 

Telephone  Number: 

METHOD  OF  PAYMENT 

I I  Check  enclosed  payable  to  NTIS  for  $  . . . 

I_J  Charge  to  my  NTIS  Deposit  Account,  No: 
LI  Purchase  order  number: 


Charge  to:      D  American  Express        D  VISA     □   MasterCard 

Card  Number: 

Expation  date: 

Signature: 

(Required  to  validate  order) 

NTIS  ORDER  NUMBER   (Use  only  for  backup  reports  stated  as  available  from  NTIS) 

NTIS  Order  Number  Price*  Quantity  Total  Price 


Shipping  and  handling  fee  $3.00 

Total      


■sir  U.S.  GOVERNMENT  PRINTING  OKHCE'.os^ro^'.s 


n 
w 
c 

O 

3. 

■n 

o 

3 

-D 
CD 
03 
(/) 
CD 

Tl 
O 

Q. 

X 
CD 


i 


adei  L)j|M  6uiuado  |eas  pue  ajag  pioj  puooas  a^eLL'  asea^ 


RETURN  ENVELOPE 


National  Technical  Information  Service 
U.S.  DEPARTMENT  OF  COMMERCE 
5285  Port  Royal  Road 
Springfield,  VA   22161 


^Agriculture  &  Food 

Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 

Materials 


r 


Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 

Transportation 


> 

m 
O 

c 
> 

O 
-o 
■o 
O 
55 


m 

■o 

i— 
O 
•< 
m 

33 


♦ 


Route  To 


c 

CO 

°  3 

m  O 

>  d 

H  CD 
S  m 

m  > 


^  Q  3 

-'Tim 

°  in 

o  w 


m 

ID 
O 
m 


I 


